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Foreword 


Musculoskeletal disorders are one of the most per- 
vasive health care challenges we currently face. The 
frequency of these disorders highlights the need for a 
greater focus on them as a primary health care chal- 
lenge. Health and impairment of the musculoskeletal 
system is addressed by numerous professions and 
is truly an interdisciplinary exploration. Learning 
the essentials of anatomy and kinesiology can be a 
daunting task for any student of the health sciences. 
Unfortunately, in many educational environments 
this study often degrades into a process of content 
memorization in which the greater purpose of apply- 
ing clinical knowledge is lost. 

Using R. T. Floyd's Structural Kinesiology as a foun- 
dation, Dail and Agnew have taken a fresh approach 
and made a concerted effort to bring this interest- 
ing study to life. Human movement is fascinating, 
and they do its study justice in this text. They have 
presented complex and valuable information about 
human movement with an ease of readability and a 
visual approach that is truly engaging. 

From the first glance, what catches your eye is the 
abundani use of high-quality color illustrations, pho- 
tographs, and diagrams. In kinesiology the study of 
movement is the primary focus. Movement is difficult 
to convey in a book, but these visual aids go a long way 
to achieving that goal and make the book a valuable 
resource for the student and professional clinician. 

The complexities of human movement are quite 
intricate, so it is challenging to determine how much 
detail to include. This text strikes a great balance, 
as there is a rich depth to the content but it is not 


overwhelming. The technical content is equally bal- 
anced by the clinical applications of massage, stretch- 
ing, and sofi-tissue manipulation that help the reader 
see exactly how these concepts are put into action. 

This book is unique among other kinesiology texts 
because of its inclusion of massage therapy techniques 
for muscles that have been presented in each regional 
body section. Presentation of treatment methods for 
these tissues makes the book a valuable classroom and 
clinical reference for both student and practitioner 
alike. Throughout the section on treatment approaches, 
real-life clinical pearls are shared, which reinforce the 
concepts of structure and function and make those 
concepts directly applicable to clinical practice. A wide 
variety of study questions are included at the end of 
each chapter and can be used by instructors or profes- 
sionals in practice who want to solidify their under 
standing of the material. 

Tackling a topic as expansive as human movement 
is a challenge for any author. Knowing authors Dail 
and Agnew, and being familiar with their work for 
many years, 1 recognize that they have put forth a 
tremendous effort in producing a great contribution 
to our professional literature. Dail, Agnew, and Floyd 
provided an educational mechanism to open new ho- 
rizons in studying kinesiology with Kinesiology for 
Manual Therapies. It is destined to remain a classic of 
study for a wide spectrum of professionals who work 
with the musculoskeletal system. 


Whitney Lowe 
Fritz Creek, AK 


Foreword 


Kinesiology for Manual Therapies by Dail, Agnew, and 
Floyd is a well-illustrated, user-friendly text that will 
be especially helpful to soft-tissue investigation and 
treatment of muscles that affect movement, elicit 
pain, and establish sound posture and precise loco- 
motion. Doctors, nurses, athletic trainers, teachers, 
and physical and massage therapists will benefit from 
this unique approach to understanding and improv- 
ing movement. With the inclusion of my lifework in 
Active Isolated Stretching (AIS), and the books focus 
on the importance of a safe method of the clinical 
stretching of patients, this book breaks new ground 
in the field of manual therapies. When Timothy 
Agnew began his training with me many years ago, 
and then continued his college studies, I knew he was 
an exceptional student. While I taught him the prin- 
ciples of AIS, Timothy chose to continue his studies 
in human movement and physiology and applied the 
knowledge to his own clinical practice. He is now 
well known as one of the leading AIS teachers and 
practitioners. 

We now view human motion as the consequence 
of the interaction between muscles and the external 
forces acting on the anatomical system. It must be re- 
membered that the analysis of motion is not an end 
in itself but a means to the learning of new movement 
pattems and the improvement of previously learned 
patterns. Kinesiologists were introduced to the ana- 
tomical and physiological works by numerous research 
studies and textbooks that influenced kinesiology as 
we know it today. New textbooks that offer this valu- 
able information are necessary for the advancement 
of the field. The ever-changing health care profession 
will benefit from the concentrated information in 
Kinesiology for Manual Therapies. 
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I began developing “Active Isolated Stretching: The 
Mattes Method” in 1970 while teaching at the Univer- 
sity of Illinois, at Urbana-Champaign. After finding 
traditional static stretching with long holds ineffec- 
tive, and observing that this stretch method frequently 
caused injury, | began to examine short-streteh holds. 
Teaching and supervising students and working with 
prescribed patients, | began clinically experimenting 
with shorti-duration stretches of 2 seconds while using 
electromyography. 1 also examined the stretching re- 
lationship between agonist and antagonist muscles. 
From studying the prime mover muscles, it became 
apparent that shori-duration stretching, as well as 
engaging the opposite-side muscles in contraction, 
allowed a more rapid progression in muscle length. 
Also, there was minimal tenderness in the lengthened 
muscles, even when injuries were present in the mus- 
cles stretched. 

Since 1979, emphasis on tissue elasticity of all the 
joints has resulted in muscle and fascial specificity, 
creating exciting results within sports medicine, in- 
cluding muscle diseases and spinal cord problems. 
This specificity and focus on tissue elasticity is now 
included in programs of all phases of training and is 
a dynamic modality in rehabilitation. 

The use of clinical flexibility in this text, as well as 
specific strengthening, is a profound addition to the 
advancement of the field of manual therapies. It en- 
courages the mind-set ofa specific, proactive approach 
for sofi-tissue injuries in a myriad of practices. 


Aaron L. Mattes, MS, RKI, LMT 
Developer, Active Isolated Stretching (AIS): 
The Mattes Method 


Preface 


In the ever-expanding fields of allied health occupa- 
tions, knowledge of the human body is tantamount. 
Indeed, professions in manual therapies are founded 
on the principles of science and the study of anatomy, 
physiology, and kinesiology. In the educator's quest 
for greater understanding of human anatomy, clinical 
tools such as cadaver studies help provide research for 
textbooks, in the hope that new comprehensible learn- 
ing will take place from those texts. It is important that 
the student and professional have books, charts, and 
maps to guide them to learn the breadth and depth of 
the skeletal, articular, muscular, and nervous systems. 
Without them we would be unable to begin our explo- 
rations and develop our treatment goals. 

This book has been written to assist and guide the 
student and the professional in their journey of ana- 
tomical study and manual therapy practice and to be a 
resource for continuing education. Lis contents provide 
the information that will assist you in making science 
a foundation for therapeutic practices and encourage 
the development of your creative art for therapy. Sci- 
ence is the foundation of our art in manual therapy, 
and this text represents this philosophy on every page. 

Structural Kinesiology was written over 60 years 
ago, and since then it has become a standard for 
teaching kinesiology to multiple students and occu- 
pations. R. T. Floyd used that book in his undergradu- 
ate work and later in his teachings. Like R. T,, at the 
Downeast School of Massage (DSM), we used Srruc- 
tural Kinesiology as a text for years. We developed a 
handbook that was a useful tool for the student as an 
accompanying produci. It was an ouiline, workbook, 
study tool, and technique detail all in one. Ii seemed 
logical to approach McGraw-Hill about writing an 
accompanying workbook. From workbook to actual 
text, the project grew to include DSM's dimensional 
massage therapy philosophy and accompanying tech- 
niques, but this project needed to add the aspect of 
kinesiology and physiology. With the addition of clini- 
cal flexibility and therapeutic exercise techniques, the 
capable McGraw-Hill staff has taken us on a whirl- 
wind ride through textbook publication. The review- 
ers agreed there is a demand, indeed a niche, for this 
text within the science and manual therapy world. 


We approached this book from a wide perspective 
of needs in multiple manual therapies, massage ther- 
apy and bodywork, athletic training, physical therapy, 
occupational therapy, and physical fitness. This book 
helps bridge the gap between basic anatomy and 
physiology courses and continuing education after 
graduation. Therapists will be able to use this text as a 
reference for their clients, for national exams, and for 
workshops with high science content. Kinesiology has 
not always been a part of every basic massage therapy 
program. Other professionals of manual therapies 
may not have had the appropriate textbooks to explore 
how massage therapy may enhance their practice. The 
information provided in this text will serve the expan- 
sion of education to the field of massage therapy as 
well as to additional manual therapies. 

Our rationale with this text is to provide an ad- 
vanced look at kinesiology and functional anatomy. 
Included are learning-intensive guides that will 
help students develop palpation skills, support their 
knowledge base of anatomy, and build a toolbox of 
techniques that provide a mechanism for specializing 
treatments. This text is a collective effort to explore 
the curriculum of kinesiology along with massage 
techniques, therapeutic exercises, and flexibility for 
multiple manual therapies. 

This book is divided into chapters that provide a 
close anatomical look at each major joint of the body. 
Some chapters explore the skeletal structure and all 
the involved articulations, muscular attachments, 
functions, and nerve innervations. There are Clinical 
Notes featuring real-life examples about each muscle 
and its postural impact. Massage techniques, known 
as dimensional massage, are introduced to assist pal- 
pation skills, explore the structure, and develop a 
philosophical approach for treatment. Other chapters 
introduce students to specific, concentrated stretch- 
ing and strengthening exercises as a modality, all of 
which follow the bodys natural kinesthetic move- 
ments. Learning these techniques, known as clinical 
flexibility and therapeutic exercise, will help students 
understand anatomy from a functional standpoint— 
that is, how the muscles move the body in gravity—a 
focus that is often lacking in many curricula. 
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Dimensional Massage 


The body is all connected; it has depth, width, and 
length. The joints in the body provide a network of ana- 
tomical structures designed for constant use. To prop- 
erly relax and unwind soft tissue, the massage therapist 
must manipulate as many of these structures as pos- 
sible. Each joint is a collection of muscles that work 
in groups and in paired opposition. By systematically 
working on specific muscles that share contraction and 
opposite action, dimensional massage helps to create 
balance in the joint structures. Dimensional massage 
encompasses an approach to technique and structure 
as well as to the sequence of the specific techniques 
for a particular soft-tissue problem. The techniques 
are a collection of sofi-tissue manipulations that are 
designed to be efficient and sequentially specific to un- 
wind the most resistant hypertonicities. Dimensional 
massage should provide the least amount of discom- 
fort to the client in the therapeutic process, and if per- 
formed correctly, the techniques should be easy on the 
therapist's hands and body. Many dimensional massage 
techniques first utilize passive shortening of the length 
of the muscle to efficiently soften fibers. Other dimen- 
sional massage manipulations require rhythmically 
moving a joint at the same time as unwinding specific 
muscles or alternating clockwise and counterclockwise 
movements to joints or muscles. These “distractions” 
provide a mechanism for the client to give up “holding” 
patterns and for the soft-tissue fibers to release built-up 
tension. All techniques should be sequenced according 
to the individual structure of the client. Therapists need 
to build a large “tool belt” of many techniques to adapi 
to the wide variety of structures and repetitive actions 
that plague humanity. Dimensional massage provides 
a philosophical approach, sequence, and methodology 
of techniques for the massage therapist to utilize in a 
therapeutic practice. 


Clinical Flexibility and 
Therapeutic Exercise 


Clinical flexibility and therapeutic exercise (CETE) is 
a modality that utilizes the body's natural movements 
to help restore muscle and movement function. While 
it involves assessment, muscle testing, and other clin- 
ical protocols, in its simplest form it is a method of 
stretching and strengthening the body in a clinical set- 
ting. One part of its components is the Active Isolated 
Stretching method, in which every joint is isolated 
and moved into a position for muscles to be length- 
ened. Because this method is active and the patient 
is always performing the movements, circulation is 
increased and muscles are strengthened. Much like 
massage therapy, increasing circulation is a goal in 
healing injuries. Yet this modality also induces muscle 


reeducation and strengthening of muscles because of 
its active element, a beneficial component to patients 
of stroke. The dynamic element of this modality of 
manual therapy is its use of specific movement. CFTE 
utilizes every direction a muscle can move a joint: 
flexion, extension, rotation, and so on, and restores 
range of motion very quickly. The strengthening com- 
ponent offers specific isolation of muscles to better 
challenge them for strengthening, and it focuses on 
restoring imbalances within the body. From a learn- 
ing standpoint for students, CETE offers a different 
approach to learning muscle attachments and actions 
because it is the study of functional anatomy, kinesi- 
ology in its truest form. 


Organization and Structure 


This book has been designed for the students optimal 
learning experience and is divided into four parts. 
Part One includes the first three chapters, which are 
in part a review for the reader and an introduction 
to the theory and principles of movement and kinesi- 
ology. Part Two takes the student through the upper 
extremities, starting with the shoulder girdle and fol- 
lowing with the shoulder joint, elbow and radioulnar 
joints, and hand and wrist joints. After each joint and 
muscle chapter, there is a technique chapter specific 
to the area of the body just studied. The last chapter 
in Part Two concentrates on the concepts of muscular 
analysis and clinical flexibility of the upper extremi- 
ties. Part Three isolates the trunk, spine, and head 
movements, joints, and muscles. It concludes with a 
special chapter on the structural perspectives of the 
head and neck, tension headaches, and techniques 
specific for this region. Part Four explores the struc- 
ture of the lower extremities, starting with the hip 
and pelvic girdle and moving to the knee joint and the 
ankle and foot. Again, each chapter is followed by a 
technique chapter specific for the region. A muscular 
analysis of the lower extremities and clinical flexibil- 
ity ends Part Four. 


Features of the Book 


All chapters are carefully designed with student learn- 
ing in mind. Color photos and illustrations give depth 
and dimension to the visual education of the reader. 
Any book is more interesting in color, but in an anat- 
omy text color raises learning to a higher level. Color 
helps students remember the art, and in a structural 
text that is a necessity. 

Each chapter opens with special features designed 
to enhance learning: 


e Learning Outcomes at the beginning of each chap- 
ter show important points for a quick understand- 
ing of the chapter's contents. 


e 'The Key Terms list presents important words that 
are bolded and defined in the text. All the key 
terms are also defined in the Glossary at the end 
of the book. 

e The Introduction assists the student to ease into 
the body of the chapter. 


The chapters feature specific types of boxes that 
enhance the information in the text and capture the 
interest of the reader: 


* Clinical Notes boxes are presented throughout the 
text to further student learning and interest in the 
content. The clinical notes link the structure be- 
ing discussed to pathologies, postural issues, and 
anatomical facts by presenting information that 
is useful in practice. Each muscle has a Clinical 
Notes box as part of its description. 

e Muscle Specific boxes include very useful informa- 
tion on the actual location of the muscles. This 
helps the student to have a visual snapshot of the 
locations of the agonist and antagonist muscles of 
each joint, matched with their actions. 

e Flexibility & Strength boxes include all the move- 
ments of the described joint in detail. Some boxes 
feature accompanying pictures that provide a 
clear visual of the emphasized movements. 


e OIAIl Muscle Chart boxes present a brief descrip- 
tion and color illustration of every muscle dis- 
cussed in the text. The boxes are easy to see and 
refer to. Each box includes the origin, insertion, 
action, and innervation of the described muscle. 
A complete table of the muscles is also included 
to provide information on all the agonists and 
antagonists of the particular joint. 

e Treatment Protocol boxes enable the student to 
prepare for the utilization of the techniques ex- 
plained in the chapter. 

e A Technique box gives definitions of hands-on ap- 
plications in the text. Deep-tissue definitions are 
concise and easy to read, and tips are given on 
surface applications. 


The muscle and joint chapters are organized by 
location of specific structures. Within chapters, the 
muscles are presented according to location and in 
groups based on action for better student learning. For 
example, all the flexors of the forearm that have ac- 
tion on the hand and wrist joints are grouped together, 
listed superficially to deep. This way, the student can 
unwrap the forearm layer by layer and learn the mus- 
cles according to location and action, an approach 
that helps with memorization skills. The discussion 
of each muscle includes an OIAI box, which provides 
an overview of key facts. In addition to the box there 
is a section on palpation of the muscle, designed to 
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enhance kinesthetic learning; a Clinical Notes box; 
and sections on muscle specifics, clinical flexibility, 
and strengthening relevant to the muscle. The Muscle 
Specifics section is filled with a variety of details and 
interesting facts pertinent to the movement, struc- 
ture, and posture of the muscles. To assist the stu- 
dent in learning functional anatomy, the Flexibility & 
Strength boxes outline detailed joint and muscle 
movements in most of the muscle chapters. Learn- 
ing is reinforced from a kinesthetic perspective by a 
specific focus on exercises to demonstrate muscle ac- 
tion. Clinical flexibility is further explored in special 
chapters on the upper and lower extremities. 

The technique chapters contain postural informa- 
tion and discussions on pathology, treatment proto- 
col, body mechanics, and technique definitions and 
sequences to support the dimensional massage appli- 
cations. Each technique chapter has a section before 
the hands-on applications that discusses an appropri- 
ate protocol and sequence for the area of the body 
emphasized in the text. It includes tips on appropri- 
ate protocol, palpation skills, warm-up techniques, 
determination of pressure, passive shortening of tis- 
sues, the use of critical thinking, and more. 

Hands-on applications are included in every tech- 
nique chapter. The technique chapters follow each 
major anatomy chapter to expand the knowledge 
base, palpation skills, and practical skills of the stu- 
dent. All the photos for the techniques are in color. 

Body mechanics are the basis for safely applying 
techniques in practice. Good body mechanics utilize 
ergonomically safe methods and practices of execut- 
ing techniques to prevent injury, support self-care, 
provide balanced energy, and promote a long career 
in therapeutic practices. Appropriate body mechanics 
are emphasized throughout the text in the technique 
applications. 

At the end of every chapter are Chapter Summary, 
Chapter Review, and Explore & Practice sections: 


e Each Chapter Summary provides a concise review 
for the student. The summary repeats the main 
headings from the chapter and outlines the infor- 
mation in an organized manner. The summaries 
are easy to read and refer to. 

e Chapter Review questions reinforce the concepts 
that the students have learned in the chapter. They 
include true or false, short answer, and multiple- 
choice questions. Answering the review questions 
is a helpful way for students to prepare for tests 
and exams. 

e Fach Explore & Practice section offers demon- 
strable and practical activities for student partici- 
pation. The activities enable students to develop 
their palpation skills, practice techniques, and 
use critical-thinking skills to answer challenging 
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questions. They promote a kinesthetic learning 
style that is all-important in manual therapy educa- 
tion. Some Explore & Practice sections feature fill- 
in charts that draw on students' overall knowledge 
of the muscle concepts discussed in the chapter. 


The book includes two appendixes. Appendix A lists 
numerous resources for additional reading. As a spe- 
cial addition, Appendix B presents a medical history 
questionnaire specific to head, neck, and shoulder 
pain that is useful for headache and migraine clients. 

Worksheets at the end of the book enable students 
to become creative in a kinesthetic manner. On some 
worksheets, students locate and draw muscles on the 
applicable skeletal bones. Other worksheets enhance 
understanding of the movements of the joints. Work- 
sheets are yet another way to utilize different learning 
styles. 

A hardbound spiral cover allows the book to lie 
flat for easy reference while the student is studying or 
doing practical applications. 

Packaged with the book are Muscle Cards that are 
designed after the detailed OIAI charts. Muscle Cards 
provide the students with a convenient tool that dis- 
plays the origin, insertion, action, and innervation of 
each muscle studied in the text. 

The Online Learning Center provides links to sup- 
plemental educational materials. 


Online Learning Center (OLC), 
www.mhhe.com/dailkinesiology 
The OLC consists of the Instructor's Manual, Power- 


Point presentations, an image bank of all illustra- 
tions, and EZ Test for the instructor. McGraw-Hill's 


EZ, Test is a flexible and easy-to-use electronic testing 
program. The program allows instructors to create 
tests from book-specific items. It provides a wide 
range of question types, and instructors can add their 
own questions as well. Multiple versions of the test can 
be created, and any test can be exported for use with 
course-managemeni systems such as WebCT, Black- 
Board, or PageOut. EZ Test Online is a new service 
that gives instructors a place online where they can 
easily administer EZ Test-created exams and quizzes. 
The program is available for both PC and Macintosh 
operating systems. 

The OLC also has a student section that consists 
of PowerPoint presentations, flashcards, and quizzes. 


In Conclusion 


Although we are targeting the massage therapy field, 
our expectation is that many health professional oc- 
cupations will benefit from the content of this text. We 
expect that athletic trainers, physical therapists, kine- 
siologists, health club instructors, strength and con- 
ditioning specialists, personal trainers, physicians, 
and occupational therapists will be able to utilize the 
philosophy of our approach to exercise and flexibility. 
We strived to provide a real-world approach that cli- 
nicians might see in their practices. We hope that this 
book will serve the advancement of massage therapy 
and bodywork, as well as the supportive education of 
other health occupations. 

Remember, science is the foundation of your art in 
manual therapies. It is this factual information that 
gives us the ability to perform our therapy on and 
with the human body. Knowledge only becomes more 
profound as you seek ii again and again. 
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A Visual Guide to Kinesiology 
for Manual Therapies 


LEARNING OUTCOMES 


Afier completing this chapter; you should be able to: 
4-1 Define key terms. e 
4-2 Identity on the skeleton all bony landmarks of 

the shoulder girdle. 

4-3 Label on a skeletal chart all bony landmarks 
of the shoulder girdle. 

4-4 Draw on skeletal chart the museles of the 
shoulder pirdle and indicate shoulder girdle 
movements using arrows. 

4-5. Demonstrat 
shoulder gir 

4-6. Palpate the bony landmarks of the shoulder 
girdle on a partner; 


1 the movements of the 
using a partner 


The Shoulder Girdle—Dynamic 
Stability for the Shoulder Joint 


47 Give examples of agonists, antagonists, 
lizers, and synergists of 1he shoulder 


Explore the origins and insertions of shoulder 
irdle muscles on a partner. 

4-9. Discuss the principles of different forms of 
stretching. 


ractice basic stretching and strengthening 
appropriate for the shoulder girdle. 


Although the statement “He carries the weight of 
the world on his shoulders” is best understood 
a means of describing someone 
mous burden or level of re- 
sponsibility, it e y reflects the understanding 
that the shoulders have a fundamental purpose in 


Aeromiociavicular Clinical flexibility Myollie efexare  PNFStreteing Snouldergiale 
Active solted Cinicallexdbliy and Mervecompression - Rhombod Steroclavicular 
KEY Stretehing (AS) Terapeutic Exercise 
TERMS îl pa [ Merveentrapment | Scapula Stretehing 
Cervial plesus. Fexblty Nerve mpingements  Scapulotnoracie Subclavius 
Clavicie Levator scapulae Pectorals minor Serratus anterior Trapezius 
Introduction the body—to support the spine, neck, and head, as 


well as to provide a place for the upper extremities 
to attach. IL is no wonder, then, that the shoulder 
irdle muscles often house chronic tension brought 
he weight of the world.” 

e indicates, the shoulder girdle sur: 
mk and provides dynamic stability 
for the upper extremmily Lo utilize its ball-and-socket 


Every chapter opens with Learning 
Outcomes, Key Terms, and an Introduction 
that prepare the students for the learning 
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Rad experience. 


Patella 


Patellar 
ligament 


-Tibia 


'Gastrocnemius 


Peroneus 
(fibularis) 
longus 


Peroneus 
(fibularis) brevis 


Extensor 
digitorum longus 


Extensor retinacula- Fibularis 


tertius 


Extensor 
hallucis brevis 
Extensor 
digitorum 
brevis 


(a) [d tb) (e) 


Tibialis Extensor Extensor 
anterior hallucis digitorum 
longus longus 


Color photos and 
illustrations give 
depth and dimension 
to the visual learning 
experience. 


The anatomy chapters have unique features. 


Flexibility & Strength boxes assist 


students in learning functional 
anatomy by presenting detailed 
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version 
Turing the an and fot outuar; abducton, aa from the 
midine. Wejght is on na media edge rthe fot. 


lateral longitudinal arch îs located on the lateral 
side of the foot and extends from the calcaneus to the 
cuboid and distal ends of the ih 


but a low arch îs not nec 
“The transverse arch 19, 
e foot iona one metatarsal bone to the other 


Movements 


SEARA tab E risanunary s srneneru 


CP IE, EPA fa Movements of the Foot and Ankle 
Dorsineion(leziar) 


joint and muscle movement 


information. 


“The Clinical Flexibility and Strengthening Exercises are 
a fantastic way to allow the students to learn a therapeutic 
approach to massage therapy.” Laurie Santen, BA, Allied 
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TABLE 17.4 Agonist Muscles of the Knee Joint 


Muscles that move 
the knee—location 


Muscle location closeţy reales to muscl function with tne knes. 


Anterior primariy knee extension 
Rectus femoris Vastus Intermedius 
Vastus medialis Vastus laterais ., 
Posterior—primariiy knee flexion 
Biceps femoris Sartorius Gastrocnemius 
Semimembranosus Gracilis 
Semitendinosus Popiteus 
Nerves 


The femoral nerve (see figure 15.12 on page 324) 
innervates the knee extensors—rectus femoris, vas- 
tus medialis, vastus întermedius, and vastus lateralis 
The knee flexors, consisting of ihe semitendinosus 
semimembranosus, biceps femoris (long head), and 
popliteus are innervated by the tibial division of the 
sciatie neve. The biceps femoris short head is sup- 
plied by the peroneal nerve. 


înserilon 


Action înnervations 


Vastus laterali Later surace oi femur, 
below, greater trochanter 
and upper hal of inea 
aspera 

Upper bwvo-hirăs of 
anterer femora shaft 


Vastusintermedius 


Lateral border ot patela 
and via palelar tendon 
to ubial tuberosity 


Upper border of patela 
and via patelr tendon 


Extension of ince Femora nerve (L2-L4) 


Extension at knee Femoral nerve (L2-L4) 


to tibia tuberosity 


Vastus medias Linea aspera on poste- 
rior femur and medial 


condyioiă rage 


Media] hal ol upper 
border ot patela 
and via patelr tendon 


Extension ai knee Femoral nerve (L2-L4) 


to bial tuberosity 


Semitendinosus Ischl tuberosiy 


Semimembranosus Ischl tuberosiy 


Upper anterior medial of 
tibia just belou condyle 


Posterior surtace ot 
medial condyle or tibia 


Extension of hip, fexion 
o knee, internal rotation 
o lexed hnee, internal 
rotation ot hip, posterior 
pehic roltion 
Extension of hip, fexion 
1 knee, internal rotation 
i lexed hnee, internal 
rotaton of hip, posterior 
pehic roltion 


Scitic nerve—tbial 
diisln (5, 81-82) 


Scitic nerve—tbial 
division (LS, S1-S2) 


BRACHIORADIALIS MUSCLE 
Palpation 

Palpate the brachioradialis musele anterolaterally on 
the proximal forearm during resisted elbow flexion 
with the radioulnar joint positioned in neutral 


INOCAR „- Neutral Worker 


NOTES 
Since the brachioradialis i used agreat deal ine neural po= 
lo apei ol ed oaie lenea 
muscle exhaustion. Papation reveas tenderness at the supra 
“condyiar ridge af he humerus and a much contracted muscle 
„body. Fortunately, massage and stretching techniques can 
easily unwind this.  imporiant forearm muscie, The brachiora- 
dilis may be involved intendonitis r tendonosis the lateral 
epicondyle region because or is close prozimity o the over: 
„used extensors of ie forearm that serve the hand and vuist. 
aie ta is important to release the brachioradialis 

first before working on the smaller musoles În the forearm. 
See Creta 9 forisoiinu sata o e brachioradialis. 


Muscle Specifics 
The brachioradialis îs one of three musles on the lat- 
eral forearm sometimes known as the “mobile vad of 
three.” The other two muscles are the extensor carpi 
radialis brevis and extensor capi radialis longus, to 
which the brachioradialis lies directly anterior. The 
brachioradialis muscle acts best as a flexor in a mid- 
position or neural een pronation and 
supination. In a tei position, it tends 
to pronale as it flexes. In a pronated position, it supi- 
nates asit flexes. This muscle is favored in its action of 
Hexion when the neutral position between pronation 


and supination is assumed, as previously sugeested. 
is insertion at the styloid process at the distal end 
the radius makes it a strong elbow flexor. Its al 
a supinator decreases as the radioulnar joint moves 
toward neutral. Similar ability to pronate de- 
creases as the forearm reaches neutral. Because of its 
action of rotating the forearm to a neuiral thumb-up 
position, it îs referred to as the “hitchhiker muscle,” 
although it has no action at the thumb. As you will 
see in Chapler 10, nearly all the muscles originating 
fi the lateral epicondyle have some action as weak 
elbow extensors. This îs not the case with the bra- 
chioradialis because its line of pull is anterior to the 
elbows axis of rolation 


Clinical Flexibility 


The brachioradialis is stretched by maximally ex- 
tending the elbow with the shoulder în Mexion and 


with the forearm în either maximal pronation or 
maximal supination. The for brachialis, de- 
seribed above, can be performed for this muscle. 
Contraindications: These stretches are safe with con: 
trolled movement. 


Strengthening 


The brachioradialis may be strengthened by perform- 
ing elbow curis against resistance, particulariy with 
„the radioulnar joint în the neuiral position, often 
tallgd the “hammer curl,” in wbich the thumb is up. 

he brachioradialis may be develoy 


In adăisi 


da IF necessary, Claxp.a 12-ch dube 
the top, thumbs up, and slowly supinate, lifii 
endofii. Return to the stari position. Switch to thumb 


the sleeve up. This is an excellent exercise for epicon- 
dylitis dysfunctions. Contraindications: Strengthen- 
ing is sale with controlled movement. 


TRICEPS BRACHII MUSCLE 


Palpation 
Palpate the triceps brachii on the posterior arm during 
esisted extension from a flexed position and distally 
just proximal to its insertion on the olecranon process 
Long head: proximally as a tendon on the postero- 


rm to underneath the posterior deltoid 
sisted shoulder extension/adduction. 


easily palpated on the proximal bvo- 
thirds ot the posterior humerus; 

Medial head (deep head): medially and laterally just 
prosimal 1o the medial and lateral epicondyles 
CLINICAL II 
ai “Forceful Extension, 


me oi and tenis sing oul be imposile vithaut te use 

„ofihe iriceps brachii. Because one of îis main actions s force- 
ful erdension ot ine forearm, fatigue can develop în overuseac- 
“iviues, The long head of îne ticeps vil often have tenderness, 
at the origin on the scapula. Strlching the long head ot the 
triceps is necessary to maintain forward elevation movement 
of e shouler, Passively storia the trceps by woting on 
the muscle în an overhead position. Rolland elipicaly move 
tnetriceps and biceps around he humerus for eficient release. 
„See more techniques in Chapter 9. 


Dă atu nat e înoDaen t 
ie a A 


version 
inversion 
Tuming the an and fot invară; addueton,tovară he mid- 
tine. Weight Ion he latra edge or the foot. 


Dorsitezion 


Plantar Hexion (extension) 
MovenenL or te anu and feat aus from he tibia. 


4 


Toe ion 
Moment o the oes tovară te patat surace of he foot. 


"oe teen 


plantartiexion 


ada, Muscle Specific boxes help students to 

dă have a visual snapshot of the locations of 
the agonist and antagonist muscles of each 
joint, matched with their actions. 


TABLE 4.2 . Active Isolated Stretching Protocol 


Use agonist Muscles 10 SUeteh antagonists 
Pertorm 810 10 repetiions and2 103 ses, 

Relurn 1 te start position with each repetiton, 

Hold he stretch approximalehy 2 second, 

Extale on work phase: inhale on relation phase. 

Posiion the body lo pertorm the stretches comonabiy, using core musees to asist, 


The OIAI boxes provide 
students with an easy-to- 
read description of every 
muscle in the text. sana 


pap oi 


Individual Muscles of the Shoulder Girdle 


DIAI MUSCLE CHART . TRAPEZIUS (tra-pe'zi-us) Named for IS shape-—irtegular four-sided igure 


Upper fier 


“The OIAI Charis are a |. 
huge plus because they put | 
a lot of information in a 
nice, organized, convenient 
chart.” Rebecca Giuliante, 
MS, RN, LMT, Our Lady 


metan per nd md ieri] 
Made be 
Spin orcopule 
d Aduce 
i] |middle and lower fibers] 


par rotation— 
(idale and lower Her 


Depresior- 
lower fbers] 


of the Lake College PET TD E Per oaeea |eea 
llgamentum nuchae „upiward rotation of branches of C3, C4 


Lover spinous Lomer rootot spine of 
processes ofT4-T12 - scapula 


Lamer depresslon, 
upivară rotation ot 
scapula adduelon, 


lateral extension ol 
splne 


Clinical Notes enhance student learning and 
interest by linking the structure to pathologies, 
postural issues, and anatomical facts and 
depicting information useful in practice. 


“The Clinical Notes sections take the information and make it appli- 
cable to the clients health. Most students need to see the “big picture, 
meaning they need to see how this information applies to their work.” 
Jennifer Opfer, AST, Pittsburgh Technical Institute 
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The technique chapters have 
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clients need. Using deep.-lissue techniques means that 
Ahe practitioner is not randomly using-a sequence but i, 
instead, critically thinking about a specific resuli. Com- 
pressive efileurage îs an example of a valuable deep- 
tissue technique. Deep-tissue techniques do not have to 
be complicated: they are simply additional techniques 
hat could be part of every practitioneră tool belt. Be- 
cause each client is unique and has his own set of inju- 
ries, chronic and/or repetitive conditions, and specific 
suructure, the same set of techniques îs not likely to 
work on everyone. Practitioners need to practice with 
a wide variety of techniques and modalities in arder to 
serve the tremendous variations they will inevitably find 
în their clients. The success of a practitioners session 
depends on the critical use ot her therapeutie skills 

Before beginning with the sequence itself, students 
are encourazed to read the following definitions, as 
well as “Sequence” later în the chapter, for more in- 
formation on how 10 use the techniques in an orderly 
intelligeni fashion. 

Dimensional massage therapy is a philosophical 
approach to therapy that is based on science, struc- 
ture, and sofi-tissue functions and that uses a variety 
of techniques for the clien benefit. 


DEEP-TISSUE TECHNIQUES 


Jostling rattles the fibers back and forth and îs a 
form of vibration. Grasp the muscle loosely clos 
est to the origin, apply a slight iraction, and shake 
toward the insertion. For a better grasp of the 
tissues, do not use lubrication. 

Compression elficiently speeds circulation to ihe 
area when executed correcily. This stroke can be 
combined with petrissage to make a dual-hand 
distraetion lechnique. Press the muscle and soft 
tissue straight down against the bone, faitening 
and spreadine tissues repeatedIy with the palm 
and heel of the hand. Make sure that the surface 
îs not slippery when applying compression. 

Stripping is a deep-tissue technique that lengthens 
fibers and empties or pushes Muids. Place your 
thumb or forefinger ol one or both hands at the 
distal end ol the muscle and then slovwly and 
deeply glide along the length of the muscle toward 
the origin. Use a minimal amount of lubricationi 
“This technique should be used inielligently în the 
order ot a sequence 

Deep transverse friction, or eross-iber friction, 
în useful al tendinous attachments for releasing 
spasms and reducing adhesions; it can often be 
substituted with digital cireular frietion. Apply the 
technique against the fibers at a right angle with the 
fingers or thumb, using enough pressure 10 sepa- 
ate and fatten the fibers. Be carefi, as the tech- 


nique may be painful. Adjust pressure, and use the 
technique appropriately în the arder ot a sequence. 
(Nate to students: This technique should be prac- 
ticed only under the supervision of an instructor:) 

Myofascial stretehes are a series of techniques 
designed to streich and warm up the tissues. The 
fascia is lterally puled ol the structures în a 
rhythmic pace. As the fascia warm, i! becomes 
more pliabile, stretchy; and less *stuck” to the 
underlying sofitissue. Myofascial siretches are 
usually performed with little to no lubrication. 

Elliptical movement is an alternating clockwise  ( 
and counterclockise distraction movement 
sometimes executed on joints such as the shoul- 
der girdle and done most often while the therapist 
is engaged with museles. The two alternating 
directions release any tension the client may be 
holding onto; this îs because the client cannot 
focus on the direction of the movement and hold 
the tension at the same time. For a better grip, try 
to use this technique before applying lubrication. 

Trigger points are ivritated or hyperactive areas, 
often located in hypertonic tissue, that are either 
active (refer pain to a specific area) or latent (have 
a positive reaction to pain în the area of the trig- 
er point). Sometimes trigger points form palpable 
modules, but most often the therapist must rely on 
client feedback. Satellite trigger points are ofien 
located in functional units of synergistic mucles 
Ischemic compression, or trigger point release, 
applies digital pressure, Whereas a pincer palpa- 
tion places the tissue bebveen the thumb and the 
forelinger. The purpose of the digital pressure is 
to try to interrupl the pain pattern by robbine the 
tissue of oxygen for a short period of time. (Note: 
This book does not offer an exhaustive study on 
triazer points, Students secking complete informa. 
tion about trigger points and treatment options for 
them should refer to books devated to that topic. 
See Appendiv A for sugrested texts.) 

Parallel thumbs is a deep-tissue technique executed 
by alternately applvine pressure with the thumbs 
în a rolling-over motion. The thumbs face and are 
parallel to each other; they should be at a right 
angle to the musele Hibers 


Sequence 


Sequence is a specific series of techniques chosen toae- 
complish a particular goal in a session. IL is determined 
by the clients medical history, the structure, and the 
area of the body needing the work. Evaluation of pres- 
sure and technique may be determined by 1he stage of 
the condition: acute, subacute, or chronic. Therapists 


special features. 


Technique sections give 


A Few Words about Body Mechanics 


How many treatments does a massage Iherapist complete ina day, 
week, month, or year? I would be easy to adă them up, but he 
equation of repetitive action times the amount o! clients some- 
times equals injury instead of a successful practice. Fortunately 
good body mechanies that utiize ergonomicaly safe methods and 
practices to execute techniques can prevent injury, support seli- 
care, provide balanced energy, and promote a long career în he 
massage therapy industry 

Practicing aikido, a special form ot martal arts, teaches bal- 
ance, the location ot ane's center of energy, and effoiless move- 
ment. Applied to massage therapy, akido teaches the therapist 
how to utilize the bodys momentum for strength by applying an 
Eastern philosophy to a Western style of bodyuork so that, uli- 
'mately, the massage therapist sinks into the soft issue rather than 
pressing into t. Achieving and practicing good body mechanics îs 
actually quite easy. Lower he massage table to enable your finger- 
tips to just brush the top of the table when you are standing by its 
side. Remember that adding a person to the table means you vill 
actually be working higher. The larger the person, the lower the 
table has to be set. £ a client requires a side-Vying position, the 
table should be adjusted to 2n appropriate lower level 

Aikido teaches that ihen the body moves, i should be relaxed, 
and that strength is notin hovw much force one uses butis in how he 
bodys momentum is utiized, | ia silent strength hat comes from 
balance and movement rom ine center of ones energy. The “center” 
ot energy n the abdominal area is a Japanese concept referred to as 
tre hara. Shiatsu (the Japanese renditon ot acupressure), akido, 
and other modaliies and marial arts utize this philosophy. The en- 
ergy isel is caled chi (Chinese) or Ai (Japanese). How a person 
drects her ki forms the basis oi her body mechanics. 

Here are some general principles at good body mechanics: 


= Ahrays keep your back-as straight as possible. As soon as you. 
find yoursel bending at he wait, your body mechanics have 
been compromised. 

= Ahrays move with your technique, using the momentum ot 
movement to assist in tne action. Your k il folow your 
momentum 25 long 25 you are in balance. For efleurage of the 
eremites, for example, keep your back stralght and lunge 
with your lower extremites, using most the quadriceps for 
strength. Relax your hands, and use your body weight over 
our hand; to sink into the soft tissues as your momentum 
caries jou forward 

=. Ahrays maintain balance so that you do not fl overit you 
need to step back fora moment. 

* When you are standing straight, bend your knees so that 
movement is easier and springier 

=. Stay over your hands as much as possible. A5 soon as your 
hands are reaching out n front of your body (a position knoun 
a5the “Superman complex ), you have lost the center of bal- 


„students definitions of hands-on 
applications. 


» Relax your thumbs, hands, and arms betu/een techniques. 
Bocyuorkers tend to huri themselves with the repetitive 
holding ottension in their hands and arms. Do not hold 
your fingers or thumbs în extension while you are executing, 
techniques, 

».. Aluays place your feet în the drection you are headed so that 
your body can move in that direction eficientiy and easiy. 

». Try otto press into softissue structures, Lean or sink into, 
ne tissues with your body weight. Ki extends from the center 
of your body allowing you to move into the tissues. You viil 
be surprised at how much deeper the tissues wil allow you 
to go when you do not force your ay into their ibers. s.a 
'myth that one must be Hercules to do bodywork! Too much 
pressure applied incorrectiy will cause discomtor and invoke 
immediate instinctive tension in the clents issues, you do 
not have pasiv tissues to work with, S very diticult to get 
an efective result. 

» Never sacrifice yourselt to a technique or to the clents; 
structure. 

». Breathe. Students often forget the importance ot breathing. 
Breathing îs rhythmic; t ilentiy teaches grace, promates, 
relaxation, and makes centering easier. 

=. Center yourselt often. Remember that the person on îhe table 
has engaged your Services. Thus, you need to be “present” for 
that person. 


Ifyou have no experience with any marta art, ai chivill ada 
to your practice by helping you to understand eneroy, discipline, 
balance, and movement. Tai chi is meditation, race, nd dance. 
Itis good for he soul. În Gara of the Soul Thomas Moore says, 
“Care of the soul requires crafi—skil, attention, and art. To live 
with a high degree ofarttulness means to attend o the smal things 
that keep tne soul engaged in whatever we are doing.” Massage 
therapy is the art ot touching other human beings; thus, therapists 
are engaged in relationship ot response. Ls the herapisisethi- 
cal duty o prepare themselves well and practice setare. Payino 
such attention to your erat wil feed your soul 

Good body mechanics are the basis of your success with any 
'ype ot bodymork. Having someone videotzpe you working vill 
help you determine vhether your body mechanics are til în good 
form. Are your shoulders elevated while you work? Are you bend- 
îng over at the wait? More tote point, does your back hurt? Do, 
your forearms or hands hurt anyuhere? It the ansver îs yes 10 
any of these questions, you need to revsit your body mechanics 
ana take a critical look at how you are executing your techniques. 
Becoming a “wounded healer' makes very dificul i not impos- 
sible to continue in your chosen profession. 

It you are already njured, seek a diaonasis and appropriate 
care 


Body Mechanics box emphasizes to students - 
the basis of safely applying techniques in 


practice. 


TREATMENT PROTOCOL e." 


Take the client's medical history, interview the client, and . 
record SOAP notes. . 
*  Observe postural assessment, gait, and the range of motion 
of joints. . 
* Perform palpation. . 
+  Passively shorten muscles and/or position shoulders and . 
scapula whenever possible. 
* Work superficial to deep. 
+ Release hypertonic muscles. E, 


Use dual-hand distraction methods when possible. 


Work individual muscles, their attachments, synergists, 
stabilizers, and antagonists; study the functional unit. 


Do not overwork areas. 
Do trigger point work last on passively shortened muscles. 
Stretch tissue and joints as appropriate. 


Discuss additional massage sessions and suggested self- 
help measures. 


Refer to other health professionals when necessary. 


Hands-on applications expand the 
knowledge base, palpation skills, 
and practical skills of students. 
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ance and have no body strength to support he technigue 


„. Treatment Protocol boxes enable 
students to prepare for the 
utilization of the techniques with 
useful tips. 


“The step-by-step instructions in the Treat- 
ment Protocol boxes show what to palpate 
and how it is important to the students so 
they can quickly be effective in treating 
a muscle.” Sandra V. Valdebenito, BA, 
High-Tech Institute 


Every chapter ends with special features to enhance the learning experience. 


Chapter Summaries provide a ..- 
concise review for the students 
in an organized, bulleted list. 


“The summaries are very good and clearly 
reflect what was leamned in the chapters. 
It is the best summary format I have 
seen in a while.” Dorothy Sala, LMT, 
Branford Hall 


Introduction 


v/ The mobile shoulder joint enables multiple movements, 
but it can sustain many injuries due to its lack of stability. 


Bones 

v/ The three bones that make up the shoulder joint are the 
clavicle, scapula, and humerus. Bony landmarks pro- 
vide muscular attachment to make movement possible. 


Joint 


v The glenohumeral joint is a multiaxial, enarthrodial ball- 
and-socket joint. 


Movements 

v The glenohumeral joint enjoys complete range as a ball- 
and-socket joint. Shoulder joint actions include flexion, 
extension, abduction, adduction, and medial and lateral 
rotation. Other movements of this diarthrodial joint in- 
clude horizontal adduction and abduction and diagonal 
plane movements. 


Muscles 

w The pectoralis major and coracobrachialis are locat- 
ed anteriorly, whereas the deltoid is located laterally. 
The rotator cuff includes supraspinatus, infraspina- 
tus, teres minor, and subscapularis. Supraspinatus is 
located superior to the spine of the scapula, and in- 
fraspinatus is located posteriorly below the spine of the 
scapula. Teres minor is located laterally and posteriorly 
on the scapula, whereas the subscapularis has an an- 
terior location on the scapula. Teres major is located 
inferiorly on the posterior scapula; latissimus dorsi is 
located posteriorly on the trunk. 


Nerves 


v/ The nerves for the shoulder joint muscles stem primarily 
from the brachial plexus. 


Individual Muscles of the Shoulder Joint 


v Deltoid is a superficial lateral muscle that is divided 
into three sections: anterior, middle, and posterior. The 


deltoid originates on the clavicle and scapula and inserts 
on the humerus. It is a major abductor of the humerus 
and is its own agonist and antagonist, as the anterior 
deltoid and posterior deltoid perform opposite actions. 
The anterior deltoid performs flexion, medial rotation, 
and horizontal adduction, whereas the posterior deltoid 
performs extension, lateral rotation, and horizontal ab- 
duction. The middle deltoid has very strong abduction 
to 90 degrees. 

v/ Rotator cuffis composed of the supraspinatus, infraspi- 
natus, teres minor, and subscapularis (SITS). These 
stabilize the head of the humerus. The supraspinatus 
originates on the supraspinous fossa, and its insertion 
lines up next to the infraspinatus and teres minor on the 
greater tubercle of the humerus. Infraspinatus originates 
on the infraspinous fossa; the teres minor attaches to 
the superior axillary border of the scapula. Supraspina- 
tus performs weak abduction; infraspinatus and teres 
minor perform extension, lateral rotation, and horizontal 
abduction. Subscapularis originates on the subscapu- 
lar fossa and inserts on the lesser tuberele. It adducts, 
extends, and medially rotates the humerus. 

v Latissimus dorsi means “broad flat back." It spans su- 
perficially over most of the posterior trunk and inserts on 
the bicipital groove of the humerus. Its functions are ad- 
duction and extension, medial rotation, and horizontal 
abduction of the humerus. It is easily injured when used 
to pick up too much weight in an unbalanced position. 

v Teres major is a posterior muscle that originates on the 
inferior angle of the scapula and inserts on the bicipital 
groove of the humerus. It forms the back aspect of the 
axilla region with the latissimus dorsi. It is a strong ex- 
tensor and adductor and medially rotates the humerus. 

v/ Pectoralis major has attachments on the clavicle, ster- 
num, and costal ribs of the anterior trunk. Because of its 
fanlike structure coming from different directions on the 
trunk, it performs all shoulder joint movements with the 
exception of lateral rotation and horizontal abduction. 

v Coracobrachialis is named for its attachments on the 
coracoid process of the scapula and the humerus. It 
flexes and horizontally adducts the humerus. 
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6. What muscle of the forearm could be used for 


Chapter Review questions reinforce  ...-: 
the concepts that students have - 


learned in the chapter. 


Worksheet Exercises 


As an aid to learning, for in-class or out-of-class 
assignments, or for testing, tear-out worksheets are 
found at the end of the text, on pages 531-534. 


True or False 


Write true or false after each statement. 


1. The pronator teres can entrap the radial nerve. 


2. 'There are 10 carpal bones in the hand. 


„The palmaris longus îs a superfi 


. 'The radial nerve goes through the carpal tunnel. 
„The wrist is a condyloid joint that performs flex- 


ion, extension, abduction, and adduction. 
cial muscle and 
performs weak flexion ot the wrisi 


„ The capitate can sometimes depress the carpal 


tunnel. 


„The flexor digitorum profundus controls flexion 


at the distal end of the four phalanxes. 


8. The tendons ot extensor pollicis longus and 
e brevis and the abductor pollicis longus form a 
GE depression in the hand called the anatomical 
pai snuffbox. 
Ş 9. The thumb extensors assist in wrist adduction. 
10. The extensor digiti minimi assists in extension of 
the wrist as well as of the little finger. 
11. Flexor carpi ulnaris does not go through the 
carpal tunnel. 
12. Flexors and extensors of the wrist work together 
to cause wrist abduction and adduction. 


Short Answers 
Write your answers on the lines provided. 
1. Discuss why the thumb is the most important 
part of the hand. 


tendon repair? 


7. Name three nerves that primarily innervate the 
muscles that have action on the hand and wrist. 


8. Name the nerve that goes through the carpal 
tunnel. 


2. What muscles work together to complete ulnar 
exion of the wrist? 


3. Name a common origin of many flexors of the 
hand and wrist. 


4. What extensor muscles work together to com- 
plete radial flexion of the wrist? 


9. What special function does the saddle joint allow 
the thumb to perform? 


10. How many bones are in the hand and wrist, 
including the ulna and radius? Name them, and 
give the number of each in the cases of multiple 
similar bones. 


11. Name the two muscles that are the strongest flex- 
ors ot the wrist. 


5. Name the common origin of many extensors of 
the hand and wrist. 


Multiple Choice 
Circle the correct answers. 
1. The distal interphalangeal joints are which clas- 

sification of joint? 
a condyloid 
b. ginelymus 
c. saddle 
d. pivot 
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1. Locate the following parts of the spine on a 
human skeleton and on a partner: 
. Cervical vertebrae 
. Thoracic vertebrae 
.. Lumbar vertebrae 
. Spinous processes 
Transverse processes 
Sacrum 
. Manubrium 
. Xiphoid process 
Sternum 
Rib cage (various ribs) 


rpm me ao pp 


2. Palpate the following muscles on a partner: 
a. Rectus abdominis 
b. External oblique abdominal 
c. Internal oblique abdominal 
d. Erector spinae 
e. Sternocleidomastoid 


3. Contrast crunches, bent-knee sit-ups, and 
straight-leg sit-ups. Which muscles are 
you feeling more in which exercise? 
Explain. 


. Compare and contrast the spinal curves of a 


„ Have a partner stand and assume a position exhib- 


iting good posture. What motions in each region 
of the spine does gravity attempt to produce? 
Which muscles are responsible for counteracting 
these motions against the pull of gravity? 


e. 
partner sitting erect with those of one sitting 


slouched in a chair. Which muscles are respon- 
sible for maintaining good sitting posture? 


. Which exercise is better for the development 


of the abdominal muscles—leg lifts or sit-ups? 
Analyze each one in regard to the activity of the 
abdominal muscles. Defend your answer. 


. Why is good abdominal muscular development 


so important? Why is this area so frequently 
neglected? 


. Why are weak abdominal muscles frequently 


blamed for lower-back pain? 


. Prepare an oral or a written report on abdominal ,-*" 


or back injuries found in the literature. 


„Explore & Practice sections 
provide demonstrable 

„and practical activities for 

“student participation. 


1. Locate the bony landmarks of the cervical verte- 
brae on a partner. 


2. Locate on a partner the origins and insertions 
of the muscles discussed in this chapter and in 
Chapter 13. 


3. Demonstrate how to passively shorten the flexors 
and extensors of the head and neck on a partner. 


4. Demonstrate passive range of motion of the head 
and neck with a partner. 


5. Demonstrate active range of motion of the head 
and neck with a partner. 


10. 


. List which muscles are agonists and synergists 


for flexion of the head and neck. 


. List which muscles are agonists and synergists 


for extension of the head and neck. 


. Describe how you would work on a client who 


has a tension headache. 


. Practice dimensional techniques individually 


and in a sequence on a partner. 


Explain the precautions you would take if a cli- 
ent presents with a headache. 


“The Explore & Practice questions are 
wonderful. They take the student beyond 
the book and into the daily hands-on in- 
formation that they need to really compre- 
hend what massage therapy is all about.” 


Worksheets enhance 
students' understanding ... 
of the material by utilizing 
different learning styles. 


XXIV 


„ Worksheet 


Nate Ewert, AOS, Heritage College 


chapter 4 
For in- or out-of-class assiznmenis, or for testing, utilize this tear-out worksheet. 
Worksheet 1 
Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 


and insertion of each muscle with an “0” and an “1,” respectively, and draw in the origin and insertion on the 
contralateral side of the skeleton. 


a. Trapezius d. Levator scapulae 


b. Rhomboid major and minor e. Pectoralis minor 


c. Serratus anterior 
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Name of Muscle Origins Insertion Actions Innervations 


TRAPEZIUS Upper: occiput, ligamentum Upper: lateral clavicle Upper: elevation, upward Accessory 
nuchae rotation of scapula nerve (CN XI), 
Middle: spi ra cata ta A : branches of 
iddle: spinous processes of Middle: spine of Middle: adduction, elevation, Ca. C4 
(77, ISIS scapula, acromion upward rotation i 
Lower: spinous Lower: root of spine of Lower: depression, upward 
processes of T4-T12 scapula rotation of scapula, adduction 


bilateral extension of spine 


SNiZădvul 
VUloF 31p119 13pinous 


Muscle Cards that are packaged with the book provide 
the students with a convenient tool that displays the 
origin, insertion, action, and innervation of each 
muscle studied in the text. 


“The text has all the necessary topics 
needed for a well-rounded, comprehensive 
kinesiology text.” Brian Sacks, MS, BS, 
Southwest Institute of Healing Arts 
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INTRODUCTION TO 
STRUCTURAL KINESIOLOGY 


chapter Î chapter 3 


Foundations of Structural Kinesiology 2 Basic Biomechanical Factors 
and Concepts 57 
chapter 2 


Neuromuscular Fundamentals 24 


Foundations of Structural 
Kinesiology 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


1-1 Define structural kinesiology and functional 
anatomy. 


1-2 Review the terminology used to describe 
body-part locations, reference positions, and 
anatomical directions. 


1-3  Recognize the planes of motion and their 
respective axes of rotation in relation to 
human movement. 


Abduction Depression 

Adduction Diagonal plane 
KEY Ab la[ (roca) Ji lie joints 
TERMS Anatomical position Dorsiflexion 

Arthrodial joint Elevation 


Arthroses Enarthrodial joint 
Articulation Eversion 
Axis of rotation Extension 


Cardinal planes External rotation 


Circumduction Flexion 
Condyloid joint Frontal plane 


Contralateral Functional anatomy 


1-4  Identify the various types of bones and joints 
in the human body and their characteristics. 


1-5  Describe and demonstrate the joint 
movements. 


Ginglymus joint 
Gomphoses 
Goniometer 
Horizontal abduction 
Horizontal adduction 
Internal rotation 
Inversion 

Ipsilateral 

Joint capsule 
Kinesiology 

Lateral flexion 
Planes of motion 


Plantar flexion 
Pronation 
Protraction 

Range of motion 
Retraction 

Rotation 

Rotation downward 
Rotation upward 
Sagittal plane 
Sellar joint 

Skeletal system 
Structural kinesiology 


Supination 

Sutures 

Symphysis 
Synarthrodial joints 
Synchondrosis 
Syndesmoses 
Transverse plane 
Trochoid joint 


Introduction 


The study of human movement is an endless and 
challenging task. To study kinesiology, or the sci- 
ence of muscle movement, the student must have 


2 


a thorough knowledge of the hundreds of muscles 
and bones yet also understand the physical laws 
that act on the body. This can be both a fascinat- 
ing and daunting journey. This chapter introduces 
the student to the basic foundations of structural 


kinesiology, including planes of motion, axes of ro- 
tation, joint types, and possible movements. It also 
prepares the student for the subsequent chapters 
in this book, which support other concepts related 
to the study of kinesiology, in the hope that they 
can all be fully understood. 

There are more than 600 muscles and 206 bones 
in the human body; each muscle has a specific re- 
sponsibility to act on or move a bone. Structural 
kinesiology is the study of muscles, bones, and 
joints as they are involved in the science of move- 
ment. Bones vary in size and shape, and this affects 
the type of movement that occurs between them at 
the joints. The types of joints vary in both structure 
and function. Muscles also vary greatly in size, shape, 
and structure from one part of the body to another. 

This text considers many of the largest and 
most important muscles, called primary movers. 
Since many muscles control joint movement, the 
text also examines some of the smaller intrinsic 
muscles. The six deep external hip rotators, for ex- 
ample, are often overlooked in a clinical setting, 
yet understanding their effects on joint movement 
and pathology in the hip is imperative in the study 
of structural kinesiology. 

If it is within one's scope of practice, athletic train- 
ers, physical therapists, massage therapists, personal 
trainers, and those in other related health fields 
should teach others how to strengthen, improve, and 
maintain muscles, bones, and joints. But first, clini- 
cians must have an adequate knowledge and under- 
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standing of all muscle groups and their functions. 
This knowledge forms the basis not only of the Cfini- 
cal Flexibility and Therapeutic exercises included in 
this text, which are designed to help one learn how 
to stretch, strengthen, and maintain the muscles, but 
also of Dimensional Massage, a modality covered in 
Parts Two through Four of the text. In most cases, 
exercises that involve the larger primary movers also 
involve the smaller muscles. This text discusses the 
important roles of some of these smaller, underde- 
veloped muscles, especially in examining particular 
movements and treating dysfunction. 

Kinesiology students frequently become so en- 
grossed in learning individual muscles that they lose 
sight of the total muscular system. Often, this is not 
the student's fault, as many curricula stress “memo- 
rizing” attachments to muscles, with little focus on 
the functional actions of the muscles. It is easy to 
forget that muscles work in groups and in paired 
opposition to achieve dynamic movement, whether 
walking, sprinting, or lifting a child. Although it is 
important to learn the minute details of muscle at- 
tachments, it is also critical to be able to apply the 
function of muscles to real-life situations. This is 
one of the benefits of this text: Real-life examples 
are discussed in the clinical notes and elsewhere 
throughout the text. Once the student understands 
the functional actions of muscles, or the functional 
anatomy, learning anatomy becomes easier. Func- 
tional anatomy allows the student to gain a new ap- 
preciation for how the human body moves. 


Reference Positions 


To better understand the musculoskeletal system, 
planes of motion, joint classification, and joint move- 
ment terminology, it is crucial that kinesiology stu- 
dents begin with a reference point. There are two 
reference positions that may be used as a basis for 
describing joint movements. The anatomical posi- 
tion is the most widely used and most accurate for 
all aspects of the body. Figure 1.1 demonstrates this 
reference position, with the subject standing in an up- 
right posture, facing straight ahead, feet parallel and 
close, and palms facing forward. Some kinesiologists 
prefer to use the fundamental or functional position, 
which is similar to the anatomical position except that 
the body is in a more relaxed posture, with the palms 
facing the body. Since most humans walk and move 
with the palms facing the body, using this position of- 
fers a real-life approach to analyzing movements. The 
midline of the body is an imaginary line that divides 
the body into left and right sides; this term is used 
throughout the text. 


FIGURE 1.1  Anatomical position 
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Anatomical Directional Terminology 


In order to study the human body, students must un- 
derstand the directional terminology applied to ii. 
Because students often get confused by the multiple 
terms used to describe areas of the body, it is impor- 
tant and necessary to start with the basics. 

The term medial describes the body, or an object 
moving toward or located near the midline, or medial 
plane (see below) of the body. For example, the 
adductors are on the medial side of the femur. The 
opposite of medial is lateral, or movement or position 
away from the midline: The tensor fascia latae is lo- 
cated on the anterior and lateral femur, for example. 

Proximal and distal describe positions relative to 
a reference point; they generally apply to the arms, 
hands, and feet. For example, the proximal (closer) 
attachment of the hamstring group is the ischial tu- 
berosity; the distal (distant) attachments are the tibia 
and fibula. Also important are the terms superior and 
inferior. Superior refers to the location above a par- 
ticular landmark or reference point; for example, the 
superior aspect of the foot is the top, or dorsal side. 
Inferior means lower and refers to any structure or 
movement lower than the landmark; for example, the 
medial epicondyle of the femur is located on the înfe- 
rior end of the femur. 

Anterior and posterior refer to the direction that a 
body part moves in relation to front and back, respec- 
tively. For example, the quadriceps are on the anterior 
thigh, and the hamstrings are on the posterior thigh. 

The term ipsilateral describes a movement, posi- 
tion, or landmark location that is on the same side as 


a reference point. As the elbow flexes, the biceps con- 
tracts; thus this muscular activity is on the ipsilateral 
humerus. Movement, position, or landmark locations 
on the opposite side are described as contralateral. 
As the elbow flexes, the triceps actively lengthens on 
the contralateral humerus. 

To further understand terms used in direction, see 
table 1.1. 


Body Regions 


The body can be divided into axial and appendicu- 
lar regions. Each of these regions may be further 
divided into different regions such as the cephalic, 
cervical, trunk, upper limbs, and lower limbs. Within 
each of these regions are many more subregions. See 
figure 1.2 for a breakdown of these regions and their 
common names. 


Planes of Motion 


For the clinician to analyze human movement, ii is 
necessary to understand the planes of motion (see 
figure 1.3). A plane of motion may be defined as an 
imaginary two-dimensional surface through which a 
limb or body segment moves. 

There are three specific planes, or cardinal planes, 
of motion into which the various joint movements 
can be classified. They are the sagirtal, frontal, and 
transverse planes, and each divides a segment of the 
body into halves. 


TABLE 1.1  Directional Terms in Human Anatomy 

Term Meaning Example of Usage 

Ventral Toward the front* or belly The aorta is ventral to the vertebral column. 
Dorsal Toward the back or spine The vertebral column is dorsal to the aorta. 
Anterior Toward the ventral side* The sternum is anterior to the heart. 
Posterior Toward the dorsal side* The esophagus is posterior to the trachea. 
Superior Above The heart is superior to the diaphragm. 
Inferior Below The liver is inferior to the diaphragm. 
Medial Toward the median plane The heart is medial to the lungs. 

Lateral Away from the median plane The eyes are lateral to the nose. 

Proximal Closer to the point of attachment or origin The elbow is proximal to îhe wrist. 

Distal Farther from the point of attachment or origin The fingernails are at the distal ends of the fingers. 
Superficial Closer to the body surface The skin is superficial to the muscles. 

Deep Farther from the body surface The bones are deep to the muscles. 


“In humans only; definition differs for other animals. 


Upper limb: 
Acromial r. 
(shoulder) 
Axillary r. (armpit) 


Brachial r. (arm) Sr 
Cubital r. i i 
Antebrachial r. 

(forearm) 

Carpal r. (wrist) 

Palmar r. i 


Lower limb: 
Coxal r. (hip) 


Patellar r. (knee) 


"AI Thoracic r. (chest): - aia 4 
Sternal r. 


0 


: DE r. (groin) 


(c) Posterior (dorsal) 


The adult female and male bodies 


chapter 1 Foundations of Structural Kinesiology 


Cephalic r. (head) 


Facial r. (face) a 
Cervical r. cc III 


DE 


Pectoral r. 


Umbilical r. 


Abdominal r. 


Pubic r.: 
Mons pubis 


External genitalia: 
Penis 
Scrotum 


Testes 


Lower limb: 
Femoral r. (thigh) 


Crural r. (leg) 


Tarsal r. (ankle) 


Pedal r. (foot): j 4 
Dorsum 4 j E 
Plantar surface ăi R 
(sole) 

(b) Anterior (ventral) 
Cranial r. 
Nuchal r. 


(back of neck) 


Interscapular r. 


Scapular r. ———— II 
Vertebral r. că 
Lumbar r. 

Sacral r. PE 


Gluteal PI O 3 


(buttock) 


Dorsum of hand 


Perineal r. A 4 
Popliteal r. 


Crural r. 


Tarsal r. 


Calcaneal PI caii 


(heel) 


(d) Posterior (dorsal) 
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SI — Frontal 


plane 


Transverse 
PI 


FIGURE 1.3  Anatomical planes of reference 


SAGITTIAL OR ANTEROPOSTERIOR 
PLANE 


Also known as the median or midsagittal plane, the 
sagittal plane is the anteroposterior (AP) plane that 
divides the body into right and left symmetrical halves. 
Generally, flexion and extension movements, such as 
biceps curls, knee extensions, sit-ups, and ankle dor- 
siflexion and plantar flexion, occur in this plane. 


FRONTAL, LATERAL, OR CORONAL 
PLANE 


Also known as the lateral or coronal plane, the frontal 
plane divides the body into front and back halves. 
Abduction and adduction movements, such as jumping 
jacks and spinal lateral flexion, occur in this plane. 


TRANSVERSE OR HORIZONIAL PLANE 


The transverse plane, or horizontal plane, divides the 
body horizontally into superior and inferior halves. 
Generally, rotational movements, such as forearm 
pronation, supination, and spinal rotation, occur in 
this plane. 

Additionally, there are an infinite number of planes 
within each half of the body that run parallel to the 
cardinal planes. This is best understood through the 
following examples of movements in the sagittal plane: 
Sit-ups involve the spine and, as a result, are performed 
in the cardinal sagittal plane; biceps curls also occur in 
the sagittal plane, even though the action does not tech- 
nically pass through the center mass of the body. 


Although each specific joint movement can be clas- 
sified as being in one of the three planes of motion, 
body movements are not usually contained in one 
specific plane. Rather, they occur as a combination 
of motions from more than one plane. These move- 
ments from the combined planes may be described as 
occurring in diagonal, or oblique, planes of motion. 


DIAGONAL OR OBLIQUE PLANE 


The diagonal plane, or obligue plane, is a combina- 
tion of more than one plane. In reality, most move- 
ments in sports activities fall somewhere less than 
parallel or perpendicular to the previously described 
planes and occur in a diagonal plane. A golf swing is 
a good example of this concept. 


Axes of Rotation 


As movement occurs in a given plane, the joint 
moves or turns around an axis of rotation that has 
a 90-degree relationship to that plane. The axes are 
named in relation to their orientations to planes of 
motion. It is helpful to visualize a steel pole as the axis 
and see the action of the joint rotating around this 
pole. In figure 1.4, abduction of the arm (a) occurs 
in the frontal plane, with the axis running anterior to 
posterior. Flexion of the arm (b) occurs in the sagittal 
plane, with the axis running lateral to the midline. In- 
ternal rotation of the arm (c) occurs in the transverse 
plane, with the axis running superior to inferior. 


FRONTAL, LATERAL, 
OR CORONAL AXIS 


If the sagittal plane runs from anterior to posterior, 
then its axis must run from side to side. Since this 
axis has the same directional orientation as that of 
the frontal plane of motion, its name is the frontal 
axis. As the elbow flexes and extends in the sagittal 
plane when performing a biceps curl, the forearm ac- 
tually rotates around a frontal axis that runs laterally 
through the elbow joint. The frontal axis may also be 
referred to as the bilateral axis or coronal axis. 


SAGITIAL OR 
ANTEROPOSTERIOR AXIS 


Movement occurring in the frontal plane rotates 
around the sagirtal, or anteroposterior, axis. This sag- 
ittal axis has the same directional orientation as that 
of the sagittal plane of motion and runs from front to 
back at a right angle to the frontal plane of motion. 
As the hip abducts and adducts during jumping jacks, 
the femur rotates around an axis that runs front to 
back through the hip joini. 
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(a) Abduction of arm 


(c) Internal rotation 


(b) Flexion of arm 


FIGURE 1.4  Axes of joint rotation 


VERTICAL OR LONGITUDINAL AXIS DIAGONAL OR OBLIQUE AXIS 


The vertical axis, also known as the longitudinal or The diagonal axis, also known as the obligue axis, 
long axis, runs straight down through the top of the runs at a right angle to the diagonal plane. As the 
head and is at a right angle to the transverse plane of glenohumeral joint moves from diagonal abduction 
motion. As the head rotates or turns from left to right, to diagonal adduction in overhand throwing, its axis 
the skull and cervical vertebrae rotate around an axis runs perpendicular to the plane through the humeral 
that runs down through the spinal column. head. 
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Skeletal System 


The skeletal system of a typical adult is made up of ap- 
proximately 206 bones; however, there are about 270 
bones present at birth, with more bones forming during 
growth spurts, before fusing down to about 206 bones. 
Bones provide support and protection for other systems 


Frontal bone 


Skull — Maxilla 
Mandible 
| Claviele 
Pectoral — 


girdle | Scapula 


Sternum 


Thoracic — Ribs 
cage 


| Costal cartilages 


Vertebral column 


Pelvis Fii Bahia 
Sacrum 


of the body and for attachments of the muscles through 
which movement is produced. The skeletal system is 
composed of two regions: the appendicular skeleton 
and the axial skeleton. Figure 1.5 shows anterior and 
posterior views of the skeletal system. The green rep- 
resents the appendicular skeleton, and the brown rep- 
resents the axial skeleton. The appendicular skeleton is 


Parietal bone 


Occipital bone 


Mandible 
Clavicle 


Scapula 


Humerus 


Ulna 
Radius 


Femur j 


Fibula 


Tibia 


Coccyx 
Carpus 
Metacarpal 
bones 
Phalanges 
i C 
Patella pi 
Se 4 4) Y Lj A 
N | 
|) | 
| | 
| Ţ | 
| | 
j | 
Tarsus == 5 
22. 
a 


(a) Anterior view 


FIGURE 1.5 The adult skeleton 


Metatarsal bones 


Phalanges 


(b) Posterior view 


composed of the appendages, or the upper and lower 
extremities, and the shoulder and pelvic girdles; the 
axial skeleton consists of the skull, vertebral column, 
ribs, and sternum. Figure 1.6 shows surface features of 
bones, or bony landmarks, which are helpful to under- 
stand when studying kinesiology. Subsequent chapters 
in this text provide additional information and more 
detailed illustrations of specific bones. 


SKELETAL FUNCTIONS 

The skeleton has five major functions: 

1. Protects vital soft tissues such as the heart, lungs, 
and brain. 

2. Offers support to maintain posture. 

3. Facilitates movement by serving as points of at- 
tachment for muscles and acting as levers. 

4. Stores minerals such as calcium and phosphorus. 

5. Enables hemopoiesis, which is the process of 
blood formation that occurs in the red bone mar- 
row located in the vertebral bodies, femur, humer- 
us, ribs, and sternum. 


Sinuses 


Foramen 


Process 
Spine 


(b) Scapula (posterior view) 


FIGURE 1.6 Surface features of some representative bones 


Fovea——— 
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Types of Joints 


The articulation of two or more bones allows vari- 
ous types of movement. The extent and type of 
movement determine the name applied to the joint. 
Bone structure limits the type and amount of move- 
ment in each joint. Some joints, or arthroses, have 
no movement, others are only very slightly mov- 
able, and others are freely movable with a variety 
of movement ranges. The type and range of move- 
ments are similar in all humans, but the freedom, 
range, and vigor of movements are limited by liga- 
ments and muscles. 

Articulations may be classified according to the 
structure or function. Classification by structure 
places joints into one of three categories: fibrous, 
cartilaginous, or synovial. Functional classification 
also results in three categories: synarthrosis (synar- 
throdial), amphiarthrosis (amphiarthrodial), and di- 
arthrosis (diarthrodial). There are also subcategories 
in each classification, and due to the strong relation- 
ship between structure and function, significant over- 
lap exists between the classification systems. That 


Head 
Crest Head 
Trochanters Tubercle 
Tuberosity 
Line 
Epicondyles Fossae 


A 


(d) Humerus 
(anterior view) 


(c) Femur 
(posterior view) 
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is, there is more similarity than difference between 
the two members in each of the following pairs: 
fibrous and synarthrodial joints; cartilaginous and 
amphiarthrodial joints; and synovial and diarthro- 
dial joints. However, not all joints fit neatly into both 
systems. Since this text is concerned primarily with 
movement, the more functional system (synarthro- 
dial, amphiarthrodial, and diarthrodial joints) is used 
throughout, following a brief explanation of struc- 
tural classification. 

Fibrous joints are joined together by connective 
tissue fibers and are generally immovable. Subcat- 
egories are sutures and gomphoses, which are im- 
movable, and syndesmoses, which allow a slighi 
amount of movement. Cartilaginous joints are 
joined together by hyaline cartilage or fibrocarti- 
lage, which allows very slight movement. Subcat- 
egories include synchondroses and symphyses. 
Synovial joints are freely movable and generally 
are diarthrodial. Their structure and subcategories 
are discussed in detail in the section on diarthro- 
dial joints, below. 


The articulations are grouped into three classes 
based primarily on the amount of movement possi- 
ble, with consideration given to their structure. 


SYNARTHRODIAL (IMMOVABLE 
FIBROUS) JOINTS 


Structurally, synarthrodial articulations are divided 
into three types: suture, gomphosis, and syndesmosis 
(see figures below). 


Suture 


Figure 1.7 shows sutures of the cranial bones. The su- 
tures of the skull are immovable after infancy. 


Syndesmosis 


A syndesmosis is a type of joint held together by 
strong ligamentous structures that allow minimal 
movement between the bones. Examples are the 
coracoclavicular joint and the inferior tibiofibular 
joint (figure 1.8). 


Serrate suture 


Dovetail joint 


FIGURE 1.7  Sutures 


Lap suture 


Miter joint 


Plane suture 


Butt joint 


FIGURE 1.8 A syndesmosis between the tibia and the fibia 


Gomphosis 


Gomphoses are found in the sockets of the teeth (fig- 
ure 1.9). The tooth socket is often referred to as a 
gomphosis (type of joint in which a conical peg fits 
into a socket). Normally, there should be a minimal 
amount of movement of the teeth in the mandible or 
maxilla. 


AMPHIARTHRODIAL (SLIGHTLY 
MOVABLE CARTILAGINOUS) JOINTS 


Structurally, amphiarthrodial articulations are divided 
into two types (figure 1.10a, b, and c). 


Symphysis 


A symphysis is a type of joint separated by a fibrocar- 
tilage pad that allows very slight movement between 
the bones. An example is the symphysis pubis, where 
the right and left pubic bones are joined by the carti- 
laginous interpubic disk. 


Synchondrosis 


A synchondrosis is a type of joint separated by hya- 
line cartilage that allows very slighi movement be- 
tween the bones. An example is the attachment of the 
first rib to the sternum by hyaline costal cartilage. 
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FIGURE 1.9 A gomphosis between a tooth and the jaw 


DIARTHRODIAL (FREELY MOVABLE 
SYNOVIAL) JOINTS 


Diarthrodial joints, also known as synovial joints, are 
freely movable (see figure 1.11). A sleevelike covering 
of ligsamentous tissue, known as the joint capsule, 
surrounds the bony ends forming the joints. This liga- 
mentous capsule is lined with a thin vascular synovial 
capsule that secretes synovial fluid to lubricate the 
area inside the joint capsule, known as the joint cav- 
ity. Synovial fluid contains the nutrient-rich elements 
albumin and hyaluronic acid, which lubricate the 
joint and help flush away toxins. In certain areas, the 
capsule is thickened to form tough, nonelastic liga- 
ments that provide additional support against abnor- 
mal movement or joint opening. These ligaments vary 
in location, size, and strength depending on the par- 
ticular joint. 

In many cases, additional ligaments, not continu- 
ous with the joint capsule, provide further support. 
In some cases, the additional ligamenits are interar- 
ticular (contained entirely within the joint capsule), 
such as the anterior cruciate ligament in the knese; 
in other cases, these ligamenis are extra-articular 
(outside the joint), such as the fibular collateral liga- 
ment of the knee. The articular surfaces on the ends 
of the bones inside the joint cavity are covered with 
layers of articular cartilage, or hyaline cartilage. This 
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Sternum 


Clavicle 


(a) Synchondrosis joint 


(b) Symphysis joint 


FIGURE 1.10  Amphiarthrodial (slightly movable cartilaginous) joints 


resilient cartilage absorbs shock to protect the bone 
it covers. When the joint surfaces are unloaded or 
distracted, the articular cartilage slowly absorbs 
a slight amount of the joint synovial fluid, only to 
slowly secrete ii during subsequeni weight bear- 
ing and compression. Additionally, some diarthro- 
dial joints have a fibrocartilage disk between their 
articular surfaces. Structurally, this type of articu- 
lation can be divided into six groups, as shown in 
figure 1.12. 

Diarthrodial joints can have motion in one or more 
planes. Joints having motion in one plane are said to 
have one degree of freedom of motion, whereas joints 
having motion in two or three planes are described as 
having two and three degrees of freedom of motion, 
respectively. 


Intervertebral 
disk (fibrocartilage) 


Body of vertebra 
(c) Symphysis joint 


(fibrocartilage) 


Pubic symphysis 


Arthrodial (Gliding, Plane) Joint 


The arthrodial joint type is characterized by two flat, 
or plane, bony surfaces that butt against each other. 
This type of joint permits limited gliding movement. 
Examples are the carpal bones of the wrist and the 
tarsometatarsal joints of the foot. 


Condyloid (Ellipsoid, Ovoid, Biaxial 
Ball-and-Socket) Joint 


The condyloid joint is a type of joint in which the 
bones permit movement in two planes without ro- 
tation. Examples are the wrist between the radius 
and the proximal row of the carpal bones or the 
second, third, fourth, and fifth metacarpophalan- 
geal joints. 


le 


containing cartilages 
synovial fluid / 
Periosteum N-Fibrous 


capsule Joint 
Synovial capsule 
membrane 


FIGURE 1.11 Structure of a simple synovial joint 


Enarthrodial (Spheroidal, Multiaxial 
Ball-and-Socket) Joint 


The enarthrodial joint is a type of joint that permits 
movement in all planes. Examples are the shoulder 
(glenohumeral) and hip joints. 


Ginglymus (Hinge) Joint 

The ginglymus joint is a type of joint that permits a 
wide range of movement in only one plane. Examples 
are the elbow, ankle, and knee joints. 


Sellar (Saddle) Joint 


The sellar joint is a type ofreciprocal reception found 
only in the thumb at the carpometacarpal joint. It per- 
mits ball-and-socket movement, with the exception of 
slight rotation. 


Trochoid (Pivot, Screw) Joint 


The trochoid joint is a type of joint with a rotational 
movement around a long axis. An example is the rota- 
tion of the radius at the radioulnar joint. 


Movements in Joints 


Many joints are able to perform several different 
movements. Some joints permit only flexion and ex- 
tension; others permit a wide range of movements, 
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depending largely on the joint structure. The area 
through which a joint may normally, freely, and pain- 
lessly move is the range of motion. When measure- 
ments are required in a clinical setting, a goniometer 
may be used to measure the specific amount of pos- 
sible movement in a joint or the range of motion and 
to compare changes in joint angles. 

The goniometer axis, or hinge point, is placed 
even with the axis of rotation at the joint line. As 
the joint is moved, both arms of the goniometer 
are held in place either along or parallel to the long 
axis of the bones on either side of the joint. The 
joint angle can then be read from the goniometer. 
For example, a clinician could measure the angle 
between the femur and tibia in full knee extension 
(which would usually be zero) and then have the 
person flex the knee as far as possible. If the clini- 
cian measured the angle again on reaching full knee 
flexion, he or she would find a goniometer reading 
of around 140 degrees. 

Range of motion can also be measured visually: 
The clinician measures joint movement in degrees 
by approximating degree increments. Normal range 
of motion for a particular joint can vary to some de- 
gree from person to person, due to dysfunctions, lim- 
ited muscle tissue, and the presence of surgical pins. 
Appendixes A and B provide average normal ranges 
of motion for all joints; these measurements are help- 
ful in assessing limited joint movement. 

It is important to understand that movement ter- 
minology is used to describe an actual change in 
position of the bones relative to each other. Thus, 
angles between bones change, but movement occurs 
between the articular surfaces of the joint. Hence, in 
describing knee movement, a clinician might instruct 
a person to “flex the knee,” which results in the leg 
moving closer to the thigh. But some clinicians might 
instead describe this as leg flexion occurring at the 
knee joint and therefore instruct the person to “flex 
the leg,” when what the clinician actually means is 
that the person should flex the knee. 

Movement terms are also used to describe move- 
ment occurring throughout the full range of motion 
or through a very small range. Using the above exam- 
ple, one may flex the knee through the full range by 
beginning in full knee extension (zero degrees of knee 
flexion) and flexing ii fully so that the heel comes in 
contact with the buttocks; this would be approximately 
140 degrees of flexion. The movement may also be 
done by beginning with the knee in 90 degrees of flex- 
ion and then flexing ii 30 degrees more; this move- 
ment results in a knee flexion angle of 120 degrees, 
even though the knee flexed only 30 degrees. In both 
examples, the knee is in different degrees of flexion. 
The movement may also begin by having the knee in 
90 degrees of flexion and then extending ii 40 degrees, 
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Ball-and-socket joint —— 


(humeroscapular) Head of humerus— 


LU» 


| ) Scapula 


Pivot joint 
(radioulnar) 


Saddle joint Carpal bone- 
(trapeziometacarpal) 


Metacarpal bone 


FIGURE 1.12 The six types of synovial joints 


which would result in a flexion angle of 50 degrees. 
Even though the knee is extended, it is still flexed, 
only less so than before. 

Some movement terms may be used to describe 
motion at several joints throughout the body, whereas 
other terms are relatively specific to a joint or group 
of joints. In the sections below, rather than being 
listed alphabetically, the terms are grouped accord- 
ing to body area and paired with opposite terms 
where applicable. Additionally, prefixes such as 
hyper- or hypo- are sometimes combined with these 


Pi N 


i Pa Pe 


CE CAL >> 


Hinge joint 
(humeroulnar) 


Plane joint 
(intercarpal) 


Condylar joint 
(metacarpophalangeal) 


Cc 


m T— 


terms to emphasize motion beyond or below normal, 
respectively. Of these combined terms, hyperextension 
is the most commonly used. 


TERMS DESCRIBING GENERAL 
MOVEMENTS 


Abduction 


Abduction is lateral movement away from the mid- 
line of the trunk in the frontal plane. An example is 
raising the arms or legs to the side horizontally. 


Adduction 


Adduction is movement medially toward the midline 
of the trunk in the frontal plane. Examples are lower- 
ing the arm to the side and lowering the thigh back to 
the anatomical position. 


Flexion 


Flexion is a bending movement that results in a de- 
crease of the angle in a joint by bringing bones to- 
gether, usually in the sagiital plane. An example is 
when the hand is drawn to the shoulder. 
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Si Flexion 


i 


Extension 


Extension 


Extension is a straightening movement that results 
in an increase of the angle in a joint by moving bones 
apart, usually in the sagittal plane. An example is the 
movement in the elbow joint when the hand moves 
away from the shoulder. 


Circumduction 


Circumduction is a circular movement of a limb that 
delineates an arc ora cone. Ii is a combination of flex- 
ion, extension, abduction, and adduction; sometimes 
it is referred to as circumflexion. An example occurs 
when the shoulder joint and the hip joint move in a 
circular fashion around a fixed point, either clockwise 
or counterclockwise. 


External Rotation 


External rotation is a rotary movement around the 
longitudinal axis of a bone away from the midline of 
the body. It occurs in the transverse plane and is also 
known as rotation laterally, outward rotation, and lat- 
eral rotation. The femur is rotated externally if a per- 
son turns the feet out while walking. 
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Internal Rotation 


Internal rotation is a rotary movement around the 
longitudinal axis of a bone toward the midline of the 
body. It occurs in the transverse plane and is also 
known as rotation medially, inward rotation, and me- 
dial rotation. The femur is rotated internally if the feet 
are turned in while walking. 


TERMS DESCRIBING ANKLE 
AND FOOT MOVEMENTS 


Eversion 


Eversion consists of turning the sole of the foot out- 
ward or laterally in the frontal plane; it is also known 
as abduction of the foot. An example is standing with 
the weight on the inner edge of the foot. 


Inversion 


Inversion consists of turning the sole of the foot in- 
ward or medially in the frontal plane; it is also known 
as adduction of the foot. An example is standing with 
the weight on the outer edge of the foot. 


IN 


Dorsal Flexion (Dorsiflexion) 


Dorsiflexion is a flexion movement of the ankle that 
results in the top of the foot moving toward the ante- 
rior tibia bone in the sagittal plane. 


Dorsiflexion 


Zero 


position 


Plantar flexion 


Plantar flexion 


Plantar flexion is an extension movement of the 
ankle that results in the foot and/or toes moving away 
from the body in the sagital plane. 


Pronation 


Pronation is a combination of ankle dorsiflexion, 
subtalar eversion, and forefoot abduction (toe-out). 


Supination 


Supination is a combination of ankle plantar flex- 
ion, subialar inversion, and forefoot adduction 
(toe-in). 


TERMS DESCRIBING RADIOULNAR 
JOINT MOVEMENTS 


Pronation (Radial Rotation) 


Pronation consists of internally rotating the radius in 
the transverse plane so that it lies diagonally across 
the ulna, resulting in the palm-down position of the 
forearm. Also known as radial rotation. 


Supination (Ulnar Rotation) 


Supination consists of externally rotating the radius 
in the transverse plane so that it lies parallel to the 
ulna, resulting in the palm-up position of the fore- 
arm. It is also known as ul/nar rotation. 
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TERMS DESCRIBING SHOULDER 
GIRDLE MOVEMENIS 


Elevation 


Elevation is a superior movement of the shoulder 
girdle in the frontal plane. An example is shrugging 
the shoulders. 


Depression 


Depression is an inferior movement of the shoulder 
girdle in the frontal plane. An example is returning to 
the normal position from a shoulder shrug. 
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Rotation Upward 


Rotation upward is a rotary movement of the scap- 
ula in the frontal plane with the inferior angle of the 
scapula moving laterally and upward. 


Rotation Downward 


Rotation downward is a rotary movement of the 
scapula in the frontal plane with the inferior angle 
of the scapula moving medially and downward. Ii 
occurs primarily in the return from upward rota- 
tion. The inferior angle may actually move upward 
slightly as the scapula continues in extreme down- 
ward rotation. 


Protraction (Abduction) 


Protraction is a forward movement of the shoulder 
girdle in the horizontal plane, away from the spine. It 
is also known as abduction of the scapula. 


Retraction (Adduction) 


Retraction is a backward movement of the shoulder 
girdle in the horizontal plane, toward the spine. It is 
also known as adduction of the scapula. 


TERMS DESCRIBING SHOULDER JOINT 
MOVEMENTS 


Horizontal Abduction 


Horizontal abduction is a movement of the humerus 
in the horizontal plane away from the midline of the 
body. It is also known as horizontal extension or trans- 
verse abduction. 


Horizontal Adduction 


Horizontal adduction is a movement of the hu- 
merus in the horizontal plane toward the midline 
of the body. It is also known as horizontal flexion or 
transverse adduction. 


TERMS DESCRIBING SPINE 
MOVEMENTS 


Lateral Flexion (Side Bending) 


Lateral flexion is a movement of the head and/or 
trunk in the frontal plane laterally away from the 
midline. It is also known as abduction of the spine. 


Extension (Reduction) 


Extension is the return of the spinal column in 
the frontal plane to the anatomical position from 
lateral flexion. It is also known as adduction of 
the spine. Hyperextension of the spine Îpanel (b), 
below] occurs when the spine goes beyond neutral 
extension. 


Rotation 


Rotation is a movement in the transverse plane; the 
spine can rotate 90 degrees. 


(a) Flexion (b) Hyperextension 
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TERMS DESCRIBING WRIST 
AND HAND MOVEMENIS 


Dorsal Flexion (Dorsiflexion) 


Dorsal flexion is an extension movement of the wrist 
in the sagittal plane with the dorsal, or posterior, side 
of the hand moving toward the posterior side of the 
lateral forearm. 


Palmar Flexion 


Palmar flexion is a flexion movement of the wrist 
in the sagitial plane with the volar, or anterior, side 
of the hand moving toward the anterior side of the 
forearm. 


Radial Flexion (Radial Deviation) 


Radial flexion is an abduction movement at the wrist 
in the frontal plane of the thumb side of the hand to- 
ward the lateral forearm. 


(c) Lateral flexion 


(d) Right rotation 
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(a) Radial flexion (b) Ulnar flexion 


Ulnar Flexion (Ulnar Deviation) 


Ulnar flexion is an adduction movement at the wrist 
in the frontal plane of the little-finger side of the hand 
toward the medial forearm. 


Opposition of the Thumb 


Opposition of the thumb is a diagonal movement of 
the thumb across the palmar surface of the hand to 
make contact with the fingers. 


Reference positions 

v Tobetterunderstand the musculoskeletal system, planes 
of motion, joint classification, and joint movement termi- 
nology, it is crucial for kinesiology students to begin with 
a reference point. 


Anatomical directional terminology 

w In order to study the human body, students must under- 
stand the directional terminology applied to it. Because 
students often get confused by the multiple terms used 
to describe areas of the body, it is important and neces- 
sary to start with the basics. 


Body regions 

vw The body can be divided into axial and appendicular re- 
gions. Each of these regions may be further divided into 
different regions such as the cephalic, cervical, trunk, 
upper limbs, and lower limbs. Within each of these re- 
gions are many specific subregions. 


Planes of motion 

vw For the clinician to analyze human movement, it is 
necessary to understand the planes of motion. A 
plane of motion may be defined as an imaginary two- 


(c) Abduction of fingers 


(d) Palmar abduction of thumb (e) Opposition of thumb 


Reposition of the Thumb 


Reposition of the thumb is a diagonal movement of 
the thumb as it returns to the anatomical position 
from opposition with the hand and/or fingers. 


Also, combinations of wrist and hand movements 
can occur. Flexion or extension can occur with ab- 
duction, adduction, or rotation. These movements, 
as they apply to individual joinis, are considered in 
more detail in the chapiers that follow. 


dimensional surface through which a limb or body seg- 
ment moves. 


w There are three specific, or cardinal, planes of motion 
into which the various joint movements can be clas- 
sified; ihey are the sagittal, frontal, and transverse 
planes, and each divides a segment of the body into 
halves. 


Axes of rotation 

vw As movement occurs in a given plane, the joint moves 
or turns around an axis of rotation that has a 90-degree 
relationship to that plane. The axes are named in rela- 
tion to their orientations to planes of motion. 


Skeletal system 

w The skeletal system is divided into two distinct parts: the 
central axial skeleton (skull, vertebral column, and tho- 
racic cage) and the appendicular skeleton (bones of the 
upper and lower limbs). There are typically 206 bones 
in the adult skeleton, but the actual number differs from 
person to person. A newborn has more bones, and the 
number increases into adolescence before decreasing 
as the bones fuse. 


w Bones have specific markings that assist muscles, liga- 
ments, and tendons in their functions. Many markings 
serve as bony landmarks for muscle attachments and 
joint function. These bone markings include processes 
and cavities. 


Types of joints 

w The articulation of two or more bones allows various 
types of movements. The extent of the movement, or 
range of motion, is determined by the type of joint. 
Some joints are slightly movable, some move freely, and 


True or False 
Write true or false after each statement. 

1. The synovial joints of the body are diarthrodial 
joints. 

2. A good example of a gomphosis joint is the 
thumb joint. 

3. Humans are born with exactly 206 bones. 

4. The term ipsilateral describes a movement, posi- 
tion, or landmark location that is on the same 
side as the reference point. 

5. The tensor fascia latae is located on the antero- 
lateral femur. 

6. Range of motion can be measured only by a 
measuring tape. 

7. Hyaline cartilage offers support and reduces fric- 
tion in joints. 

8. Diarthrodial joints can have motion in one or 
more planes. 

9. A joint moves or turns around an axis that has a 
90-degree relationship to a plane. 

10. The skeletal system is composed of two regions: the 
appendicular skeleton and the cervical skeleton. 


Short Answers 
Write your answers on the lines provided. 


1. Why is the anatomical (or fundamental) posi- 
tion so important in understanding anatomy and 
joint movements? 
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some do not move at all. The three structural classifi- 
cations of joints are synarthrodial, amphiarthrodial, and 
diarthrodial. 


Movements in joints 

v Joints have a wide range of movements, and range 
of motion can be measured on the human body via 
a goniometer. Since every joint has a specific range 
of motion, it is important to establish a baseline so 
that the clinician can compare changes within the 
movements. 


2. Why is it important to understand functional 
anatomy as well as structural anatomy? 


3. Why are synovial joints so important? 


4. What is a good example of a gomphosis joint? 


5. In which plane does the movement of a golf 
swing take place? 


6. A patient presents with sciatic pain and has great 
difficulty getting out of a chair. How can under- 
standing functional anatomy help a clinician 
assess this patient? 
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„ Describe the agonist and antagonist in hip 


abduction. 


. What covers the ends of the bones located in the 


joint cavities? 


. How would poor hip range of motion affect gait? 


10. 


In which plane does radioulnar rotation (supi- 
nation and pronation) take place? 


Multiple Choice 


Circle the correct answers. 


il 


A biceps curl occurs in which plane? 
a. sagitial 

b. frontal 

Cc. transverse 

d. diagonal 


. Understanding movement in planes helps the 


professional: 

a. locate muscle attachments 

b. analyze movements more precisely 
c. heal muscle strains 

d. prevent faulty gait issues 


. The humerus is part of the: 


a. rib cage 

b. appendicular skeleton 
c. scapulae 

d. axial skeleton 


10. 


. Diarthrodial joints are best described as: 


a. joint capsules 

b. partially movable 
c. fixed 

d. freely movable 


. Range of motion is defined as: 


a. the speed at which a joint moves 
b. eccentric contraction of muscles 
c. how far a joint moves freely and painlessly 
d. a measurement of muscle length 


. Circumduction is a combination of: 


a. adduction and abduction 

b. internal and external rotation 
c. flexion and extension 

d. all of the above 


. The iliopsoas flexes the hip in which plane? 


a. frontal 
b. sagitial 
c. transverse 
d. oblique 


. Elevation of the shoulder is an important move- 


ment for: 

a. playing tennis 

b. reaching for a glass on the top shelf 
c. lifting a child 

d. all of the above 


. Supination of the radius occurs in which plane? 


a. frontal 
b. sagitial 
c. horizontal 
d. coronal 


To help with assessment, muscle attachments 
and functional movements should: 

a. be applied to real-life situations 

b. never be considered 

c. be calculated with a goniometer 

d. be assessed by a physician 
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„a 


1. For each specific motion in the left column, pro- 
vide the basic motion that it represents in the 
right column by writing flexion, extension, abduc- 
tion, adduction, or rotation (external or internal). 


Specific Motion Basic Motion 


Eversion 


Inversion 


Dorsal flexion 


Plantar flexion 


Pronation 


Supination 


Lateral flexion 


Radial flexion 


Ulnar flexion 


2. For each diarthrodial classification, give a joint 
example, the plane in which it moves, and its 
type of movement. 


Classification Joint Example Plane Movement 


Ginglymus 


Trochoid 


Condyloid 


Arthrodial 


Enarthrodial 


Sellar 


Neuromuscular Fundamentals 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


2-1 Review the basic anatomy and function of the 


muscular and nervous systems. 


2-4 Define neuromuscular concepts in relation to 
how muscles function in joint movement and 
work together to achieve motion. 

2-5  Describe the neural control mechanisms for 


movement. 


2-2 Identify terminology used to describe 
muscular locations, arrangements, 
characteristics, and roles, as well as 
neuromuscular functions. 

2-3  Listthe different types of muscle contractions 
and the factors involved in each. 

Action Concentric 
Aggregate muscle contractions 
KEY action Contractibility 
TERMS Agonists Dermatome 
All-or-none principle Eccentric contractions 
Amplitude Elasticity 
Angle of pull Extensibility 
Antagonists Extrinsic 
Biarticular Gaster 


Golgi tendon organ Kinesthesis Reciprocal innervation 
(610) Line of pull Sliding-filament 
Innervation Multiarticular theory 

Insertion Muscle spindle Stabilizers 

Intrinsic Myotome Stretch reflex 
|sokinetics Neurons Synergists 

Isometric Neutralizers Tendon 

contractions Origin Treppe 

Isotonic contractions Proprioceptors Uniarticular 


Introduction 


When the human body begins a movement, myr- 
iad actions are involved that people usually never 
consider. The brain sends nerve signals to the skel- 
etal muscles, and chemicals are released to con- 
tract those muscles; then the joints move with the 
cooperation of all of these elemenis. Since there 
are hundreds of muscles in the human body, it is 


24 


necessary to have knowledge about their shapes, 
locations, and functions, as well as their neuro- 
muscular principles. Joint movements are possible 
because of the combined efforts of nerves and mus- 
cles, and the precision of the bodys movements 
is driven by thousands of contractions and nerve 
innervations. Humans have the capacity to gener- 
ate great force with their arms and hands, and yet 
they are able to switch in a split second to a task as 


precise as playing a piano. Governing such move- 
ments is the fascinating world of neuromuscular 
fundamentals. 

Muscle conitraction produces the force that 
causes joint movement. In addition to contributing 
to movement, muscles also provide protection, con- 
tribute to posture and support, and produce a ma- 
jor portion of total body heat. There are more than 
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600 skeletal muscles, which constitute approximat- 
ely 40 to 50 percent of the bodys weight. Of these, 
there are 215 pairs of skeletal muscles. These pairs 
of muscles usually work in cooperation with each 
other to perform opposite actions at the joints they 
cross. In most cases, muscles work in groups rather 
than independenily to achieve a particular joint mo- 
tion. This is known as aggregate muscle action. 


Muscle Nomenclature 


In attempting to learn the skeletal muscles, it is help- 
ful to study how they are named. For example, a 
rotary-shaped muscle such as the gluteus maximus 
has a powerful action because of its quadrilateral 
shape. The functional action can be assessed by the 
muscle shape. In addition to being named for their 
shape, muscles are usually named because of one or 
more distinctive characteristics, such as their ana- 
tomical location or their function. Examples of skel- 
etal muscle naming are as follows: 

Shape: deltoid, rhomboid 

Size: gluteus maximus, teres minor 

Number of divisions: triceps brachii 

Direction of its fibers: external oblique 

Location: rectus femoris, palmaris longus 


Points of attachment: coracobrachialis, extensor hal- 
lucis longus, flexor digitorum longus 


Action: erector spinae, supinator, extensor digiti 
minimi 

Action and shape: pronator quadratus 

Action and size: adductor magnus 

Shape and location: serratus anterior 

Location and attachment: brachioradialis 

Location and number of divisions: biceps femoris 
When discussing the muscles, educators often group 

them together for brevity of conversation and clearer 

understanding. In this text, later chapters group mus- 

cles as they best suit the techniques. The naming of 

muscle groups follows a pattern similar to the naming 

of individual muscles. Below are some muscle groups 

according to different naming rationales: 

Shape: hamstrings 

Number of divisions: quadriceps, triceps surae 

Location: peroneals, abdominal, shoulder girdle 

Action: hip flexors, rotator cuff 


Figure 2.1 depicts the muscular system from a su- 
perficial point of view. Not shown in these diagrams 


are the deep muscles. The muscles shown in fig- 
ure 2.1, and many other muscles, are studied in more 
detail as each joint of the body is considered in other 
chapters of this book. 


Shape of Muscles and Fascicle 
(Fiber Bundle) Arrangement 


Various muscles have different shapes, and their fibers 
may be arranged differently in relation to each other 
and to the tendons to which they join. Figure 2.2 shows 
the classification of muscles according to fascicle orien- 
tation. As mentioned about the gluteus maximus mus- 
cle, the shape and fiber arrangement play a role in the 
muscle's ability to exert force. These factors also affect 
the range through which a muscle can effectively exert 
force. One factor in the muscle's ability to exert force 
is its cross-section diameter. Keeping all other factors 
constant, a muscle with a greater cross-section diam- 
eter will be able to exert a greater force. Another factor 
relative to a muscle's ability to move a joint through 
a large range of motion is its ability to shorten. Gen- 
erally, longer muscles can shorten through a greater 
range and therefore are more effective in moving joints 
through large ranges of motion. 

Essentially, all skeletal muscles may be grouped 
into two major types of fiber arrangements: parallel 
and pennate. Each may be subdivided further accord- 
ing to shape. 

Parallel muscles have their fibers arranged parallel 
to the length of the muscle. Generally, parallel muscles 
produce a greater range of movement than similar- 
size muscles with a pennate arrangement. Parallel 
muscles are categorized into the shapes listed below: 


* Flat muscles are usually thin and broad, originat- 
ing from broad, fibrous, sheetlike aponeuroses 
that allow them to spread their forces over a 
broad area. Examples include the rectus abdomi- 
nis and external oblique. 


* Fusiform muscles are spindle-shaped with a central 
belly that tapers to tendons on each end; this allows 
them to focus their power onto small, bony targets. 
Examples are the brachialis and the brachioradialis. 
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Superficial 


Deep 


Frontalis 
Orbicularis oculi 


Zygomaticus major 


Platysma 


Deltoid 


Pectoralis major 


Biceps brachii 


Brachioradialis 
Flexor carpi radialis 


External abdominal 
oblique 


Tensor 
fasciae latae 


Adductor longus 


Sartorius 


Rectus femoris 


Vastus lateralis 


Vastus medialis 


Fibularis longus 
Tibialis anterior 


Extensor digitorum longus 


FIGURE 2.1 The muscular system 


Masseter 


Orbicularis oris 
Sternocleidomastoid 
Trapezius 

Pectoralis minor 


Coracobrachialis 


Serratus anterior 
Brachialis 

Rectus abdominis 
Supinator 


Flexor digitorum 
profundus 


Flexor pollicis longus 
Transverse abdominal 


Internal abdominal 
oblique 


Pronator quadratus 


Adductors 


Vastus lateralis 


Vastus intermedius 
Gracilis 


Gastrocnemius 


Soleus 


Extensor digitorum 
longus 


(a) Anterior view 
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Deep Superficial 
> 


—— 


Occipitalis 
Semispinalis capitis 
Sternocleidomastoid 
Splenius capitis 
E p Trapezius 


Levator scapulae 

Supraspinatus 
Rhomboideus minor 
Rhomboideus major 
Deltoid (cut) 
Infraspinatus 


Infraspinatus 
Teres minor 


Teres major 
Serratus anterior 
Triceps brachii 
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(b) Posterior view 


FIGURE 2.1  (Continued ) 
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Unipennate 


Triangular 


Parallel 
Fusiform 


Tendon Pectoralis major 


Rectus abdominis 
Biceps brachii 


FIGURE 2.2 Classification of muscles 


e Strap muscles are more uniform in diameter, 
with essentially all of their fibers arranged in a 
long parallel manner. This enables a focusing of 
power onto small, bony targets. The sartorius is 
an example. 


* Radiate muscles are sometimes described as being 
triangular, fan-shaped, or convergent. They have 
the combined arrangement of flat and fusiform 
muscles, in that they originate on broad aponeu- 
roses and converge onto a tendon. Examples are 
the pectoralis major and trapezius. 


e Sphincter, or circular, muscles are technically 
endless strap muscles that surround openings and 
function to close them on contraction. An exam- 
ple is the orbicularis oris surrounding the mouth. 


Pennate muscles have shorter fibers that are ar- 
ranged obliquely to their tendons in a structure simi- 
lar to that of a feather. This arrangemeni increases the 
cross-sectional area of the muscle, thereby increasing 
its force production capability. Pennate muscles are 
categorized on the basis of the exact arrangement be- 
tween the fibers and the tendon: 


e Unipennate muscle fibers run obliquely from a 
tendon on one side only. Examples are seen in the 
biceps femoris, extensor digitorum longus, and 
tibialis posterior. 


e Bipennate muscle fibers run obliquely on both 
sides from a central tendon, as in the rectus 
femoris and flexor hallucis longus. 

* Multipennate muscles have several tendons with 


fibers running diagonally between them, as in the 
deltoid. 


Bipennate and unipennate produce the strongest 
contraction. 


Palmar interosseous 


Bipennate 
Multipennate 


Circular 


Rectus femoris 


Deltoid 


Orbicularis oculi 


Muscle-Tissue Properties 


Skeletal muscle tissue has four properties related to 
its ability to produce force and movement about the 
joints. Irritability or excitability is the muscle property 
of being sensitive or responsive to chemical, electri- 
cal, and mechanical stimuli. When an appropriate 
stimulus is provided, the muscle responds by devel- 
oping tension. Contractibility is the muscle's abil- 
ity to contract and develop tension or an internal 
force against resistance when stimulated. The abil- 
ity of muscle tissue to develop tension or contract is 
unique; other body tissues do not have this property. 
Extensibility is the muscle's ability to be passively 
stretched beyond its normal resting length. For ex- 
ample, the triceps brachii displays extensibility when 
it is stretched beyond its normal resting length by the 
biceps brachii and other elbow flexors contracting to 
achieve full elbow flexion. Elasticity is the muscle's 
ability to return to its original resting length following 
a stretch. In continuing with the elbow example, the 
triceps brachii displays elasticity by returmning to its 
original resting length when the elbow flexors cease 
contracting and relax. 


Muscle Terminology 


Locating the muscles, their proximal and distal at- 
tachments, and their relationships to the joints they 
cross is critical in determining the effects that muscles 
have on the joints. The following terms are necessary 
to consider in the study of body movement: 


Intrinsic: a term pertaining, usually, to muscles that 
are within or belong solely to the body part on 
which they act. Examples are the small intrinsic 
muscles found entirely within the hand. 


Extrinsic: a term pertaining, usually, to muscles that 
arise or originate outside (proximal to) the body 
part on which they act. Examples are the forearm 
muscles that attach proximally on the distal hu- 
merus and insert on the fingers. 


Action: the specific movement of a joint that results 
from a concentric contraction of a muscle that 
crosses the joint. An example is the biceps brachii, 
which has the action of flexion at the elbow. In 
most cases, a particular action is caused by a 
group of muscles working together. Any of the 
muscles in the group can be said to cause the 
action (be the primary mover), even though the 
action is usually an effort of the entire group. A 
particular muscle may cause more than one ac- 
tion either at the same joint or at different joints, 
depending on the characteristics of the joints 
crossed by the muscle and the exact location of 
the muscle and its attachments in relation to the 
joint(s). 

Innervation: the segment of the nervous system de- 
fined as being responsible for providing a stimu- 
lus to muscle fibers within a specific muscle or 
portion of a muscle. A particular muscle may be 
innervated by more than one nerve, and a particu- 
lar nerve may innervate more than one muscle or 
portion of a muscle. 


Amplitude: the range of muscle-fiber length between 
maximal and minimal lengthening. 


Gaster (belly or body): the central, fleshy portion of 
the muscle that generally increases in diameter as 
the muscle contracts. The gaster is the contractile 
portion of the muscle. When a particular muscle 
contracts, it tends to pull both ends toward the 
gaster, or middle, of the muscle. Consequenitly, if 
neither of the bones to which a muscle is attached 
were stabilized, both bones would move toward 
each other on contraction. The more common 
case, however, is that one bone is more stabilized 
by a variety of factors, and, as a result, the less 
stabilized bone usually moves toward the more 
stabilized bone on contraction. 


Tendon: the fibrous connective tissue, often cordlike 
in appearance, that connects muscles to bones 
and other structures. In some cases, two muscles 
may share a common tendon, such as the Achilles 
tendon of the gastrocnemius and soleus muscles. 
In other cases, a muscle may have multiple ten- 
dons connecting it to one or more bones, such 
as the three proximal attachments of the triceps 
brachii. 

Origin: from a structural perspective, the proximal 
attachment of a muscle, or the part that attaches 
closest to the midline or center of the body. From 
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a functional and historical perspective, the least 
movable part or attachment of the muscle has 
generally been considered to be the origin. 


Insertion: structurally, the distal attachment of a 
muscle, or the part thai attaches farthest from the 
midline or center of the body. Functionally and 
historically, the most movable part is generally 
considered the insertion. 


As an example, in the biceps curl exercise, the biceps 
brachii muscle in the arm has its origin on the scapula 
(least movable bone) and its insertion on the radius 
(most movable bone). In some movements this pro- 
cess can be reversed. An example of this reversal can 
be seen in the pull-up, in which the radius is relatively 
stable and the scapula moves up. Even though in this 
example the most movable bone is reversed, the proxi- 
mal attachment of the biceps brachii is always on the 
scapula and still considered to be the origin, while 
the insertion is still on the radius. The biceps brachii 
would be an extrinsic muscle of the elbow, whereas 
the brachialis would be intrinsic to the elbow. For 
each muscle studied in this text, the origin and inser- 
tion are indicated. 


Contraction: The Sliding-Filament 
Theory 


While this book will not delve into the minute anat- 
omy of skeletal muscle (which can be studied in a 
good physiology text), it is important to understand 
the principle of contraction. When tension develops 
in a muscle as a result of a stimulus, the muscle may 
shorten. This is known as a contraction. (Muscles can 
develop tension without shortening, but this will be 
discussed later.) Just how a muscle shortens was a 
puzzle until electron microscopy allowed cytologists 
toview the molecular organization of muscle fibers. In 
1954, Hugh Huxley and Jean Hanson, two researchers 
at the Massachusetts Institute of Technology, devel- 
oped a model called the sliding-filament theory. Their 
assumption, or model, was that the myofilamenits 
in muscle do not shorten during a contraction but, 
rather, that the thin filaments (actin) slide over the 
thick ones (myosin) and pull the Z disks behind them. 
This causes each sarcomere as a unit to shorten. A 
muscle fiber can shorten as much as 40 percent of its 
resting length. Figure 2.3 shows the entire process, as 
well as the muscle striations and the location of the 
Z disks and sarcomere. Ii should be remembered that 
even though the muscle fiber contracts to produce 
force, such as flexion during an elbow curl, the myo- 
filaments do not become shorier. The contraction is a 
result of a shortening of the sarcomere and the slid- 
ing mechanism of the thin and thick filaments. When 
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(3) Binding of new ATP; 
breaking of cross-bridge 


Appearance of contracting sarcomere 


FIGURE 2.3 The sliding-filament mechanism of contraction 


Muscle develops 
tension but does 
not shorten 


No movement 


(a) lIsometric contraction 


FIGURE 2.4  Isometric and isotonic contractions 


a muscle's work is complete—for example, after Lift- 
ing a dumbbell—the muscle fiber relaxes and returns 
to its resting length. 


Types of Muscle Contractions 
(Actions) 


The term muscle contraction may be confusing, be- 
cause in some types of contractions the muscle does 
not shorten in length as the term contraction indi- 
cates. As a result, it is becoming increasingly common 
to refer to the various types of muscle contractions as 
muscle actions instead. 

Muscle contractions can be used to cause, con- 
trol, or prevent joint movement. To elaborate, muscle 
contractions can be used to initiate or accelerate the 
movement of a body segment, to slow down or de- 
celerate the movement of a body segment, or to pre- 
vent movement of a body segment by external forces. 
All muscle contractions or actions can be classified 
as being either isometric or isotonic. An isometric 
contraction occurs when tension develops within the 
muscle but the joint angles remain constant. Isomet- 
ric contractions may be thought of as static contrac- 
tions, because a significant amount of tension may be 
developed in the muscle to maintain the joint angle in 
a relatively static or stable position, without an actual 
shortening of muscle fibers. Isometric contractions 
may be used to stabilize a body segment to prevent ii 
from being moved by external forces. 

Isotonic contractions occur when the muscle 
develops tension to either cause or control joint 
movement. They may be thought of as dynamic con- 
tractions, because the varying degrees of tension in 


(b) Isotonic concentric contraction 
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Muscle shortens, 
tension remains 
constant 


x Movement 


Muscle lengthens 
while maintaining 
tension 


N 


Movement 


(c) Isotonic eccentric contraction 


the muscles are causing the joint angles to change. 
The isotonic type of muscle contraction is classified 
further as being either concentric or eccentric on the 
basis of whether shortening or lengihening occurs. 
Concentric contractions occur when the muscle 
develops tension as it shortens, whereas eccentric 
contractions occur when the muscle lengthens under 
tension. Figure 2.4 illustrates isometric contractions 
and isotonic concentric and eccentric contractions. 

It is also important to note that movement may 
occur at any given joint without any muscle contrac- 
tion whatsoever. This movement is referred to as pas- 
sive and is solely due to external forces such as force 
applied by another person, object, or resistance or the 
force of gravity in the presence of muscle relaxation. 
An example of passive movement occurs when the 
femur is being moved manually into abduction by a 
therapist. 


CONCENTRIC CONTRACTION 


Concentric contraction involves the muscle develop- 
ing tension as it shortens; it occurs when the muscle 
develops enough force to overcome applied resistance. 
Concentric contractions may be thoughi of as causing 
movement against gravity or resistance; they are de- 
scribed as positive contractions. The force developed 
by the muscle is greater than that of the resistance. 
This results in the joint angle being changed in the di- 
rection of the applied muscular force and causes the 
body part to move against gravity or external forces. 
Flexing a dumbbell with the biceps is an example of 
a concentric contraction; the biceps shortens to over- 
come the resistance. 
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ECCENTRIC CONTRACTION 
(MUSCLE ACTION) 


Eccentric contraction involves the muscle lengthen- 
ing under tension; it occurs when the muscle gradu- 
ally lessens in tension to control the descent of the 
resistance. The weight or resistance may be thought of 
as overcoming the muscle contraction, but not to the 
point that the muscle cannot control the descending 
movement. Eccentric muscle actions control move- 
ment with gravity or resistance; they are described as 
negative contractions. If a dumbbell is curled using 
the biceps and then slowly returned to the starting 
position, the return phase is an eccentric contraction. 
The resistance is greater than the force developed by 
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the biceps. Yet the biceps is able to control the down 
phase by “braking” as the weight is slowly lowered. 
Eccentric contractions are used to decelerate the 
movement of a body segment from a higher speed to 
a slower speed or to stop the movement of a joint al- 
ready in motion. Since the muscle is lengthening as 
opposed to shortening, the relatively recent change in 
terminology from muscle contraction to muscle action 
is becoming more commonly accepted. 

Table 2.1 explains the various types of contraction 
and resultant joint movements. The terminology used 
in defining and describing these actions is included. 

Various exercises may use any one orall of these con- 
traction types for muscle development. Development 


Type of contraction (muscle action) 


Definitive and Isotonic Movement without 
descriptive factors Isometric Ea el contraction 
Agonist muscle length No appreciable Shortening Lengthening Dictated solely by gravity 
change = Di and/or external forces 
Antagonist muscle length No appreciable Lengthening Shortening Dictated solely by gravity 
change Dă a and/or external forces 


Joint angle changes 


Direction of body part 


Motion 


Description 


Applied muscle force 
versus resistance 


Speed relative to gravity or 
applied resistance including 


inertial forces 


Acceleration/ 
deceleration 


Descriptive symbol 


Practical application 


No appreciable 
change 


Against immovable 
object or matched 
external force 
(resistance) 


Prevents motion; 
pressure (force) ap- 
plied, but no resulting 
motion 


Static; fixating 


Force = resistance 


Equal to speed of ap- 
plied resistance 


Zero acceleration 


(=) 


Prevents external 
forces from causing 
movement 


In direction of applied 
muscular force 


Against gravity and/ 
or other external force 
(resistance) 


Causes motion 


Dynamic shortening; 
positive work 


Force > resistance 


Faster than the inertia 
of the resistance 


Acceleration 
A 


(+) 


Initiates movement or 
speeds up the rate of 
movement 


In direction of external 
force (resistance) 
With gravity and/or 
other external force 
(resistance) 


Controls motion 


Dynamic lengthening: 
negative work 


Force < resistance 


Slower than the speed 
of gravity or applied 
inertial forces 
Deceleration 

A] 


=) 


Slows down the rate 
of movement or stops 
movement, “braking 
action” 


Dictated solely by gravity 
and/or external forces 


Consistent with gravity and/ 
or other external forces 


Either no motion or passive 
motion occurs as a result of 
gravity and/or other external 
forces 


Passive; relaxation 


No force, all resistance 


Consistent with inertia of 
applied external forces or the 
speed of gravity 

Either zero or acceleration 
consistent with applied 
external forces 


(0) 


Passive motion by force 
from gravity and/or other 
external forces 


of exercise machines has resulted in another type of 
muscle exercise known as isokinetics. Isokinetics is 
not another type of contraction, as some authorities 
have mistakenly described; rather, it is a specific tech- 
nique that may use any or all of the different types of 
contractions. Isokinetics is a type of dynamic exercise 
usually using concentric and/or eccentric muscle con- 
tractions in which the speed (or velocity) of movement 
is constant and muscular contraction (ideally, maxi- 
mum contraction) occurs throughout the movement. 
Biodex, Cybex, Gow, and other new types of appara- 
tuses are engineered to allow this type of exercise. 
Students well educated in kinesiology should be 
able to read the description of an exercise or observe 
an exercise and immediately know the most important 
muscles being used. If it is within the students scope 
of practice, she should be able to prescribe exercises 
and activities for the development of muscles and 
muscle groups in the human body. Descriptive terms 
of how muscles function in joint movements follow. 


ROLE OF MUSCLES 


Agonists: muscles that, when contracting concentri- 
cally, cause joint motion through a specified plane 
of motion. They are known as primary or prime 
movers, or the muscles most involved. 


Antagonists: muscles that are usually located on the 
opposite side of the joint from the agonist and have 
the opposite concentric action. Known as contra- 
lateral muscles, they work in cooperation with ago- 
nist muscles by relaxing and allowing movement, 
but when contracting concentrically, they perform 
the joint motion opposite that of the agonist. 


Stabilizers: muscles that surround the joint or body 
part and contract to fixate or stabilize the area to 
enable another limb or body segment to exert force 
and move. Known as fixators, they are essential in 
establishing a relatively firm base for the more distal 
joints to work from when carrying out movements. 


Synergists: muscles that assist in the action of ago- 
nists but are not necessarily prime movers for the 
action. Known as guiding muscles, they assist in 
refined movement and rule out undesired motions. 


Neutralizers: muscles that counteract or neutralize 
the action of other muscles to prevent undesirable 
movements such as inappropriate muscle substi- 
tutions. Referred to as neutralizing, they contract 
to resist specific actions of other muscles. 


Tying Roles of Muscles All Together 


When a muscle with multiple agonist actions con- 
tracis, it attempis to perform all of its actions. Mus- 
cles cannot determine which of their actions are 
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appropriate for the task at hand. The resulting actions 
actually performed depend on several factors, such 
as the motor units activated, joint position, muscle 
length, and relative contraction or relaxation of other 
muscles acting on the joint. A surgeon might require 
the delicate preciseness of the fingers and hand to 
perform a surgery, or he might need the larger muscle 
groups of the shoulders and arms to split wood out- 
side his house. In certain instances, two muscles may 
work in synergy by counteracting their opposing ac- 
tions to accomplish a common action. 

As discussed, agonist muscles are primarily respon- 
sible for a given movement, such as that of hip flexion 
and knee extension while a person is kicking a ball. In 
this example, the hamstrings are antagonistic and relax 
to allow the kick to occur. This does not mean all other 
muscles in the hip area are uninvolved. The preciseness 
of the kick depends on the involvement of many other 
muscles and the number of motor units innervated. As 
the lowerextremity swings forward, its route and subse- 
quent angle at the point of contact depend on a certain 
amount of relative contraction or relaxation in the hip 
abductors, adductors, internal rotators, and external 
rotators. These muscles act in a synergistic fashion to 
guide the lower extremity in a precise manner. Thai is, 
they are not primarily responsible for knee extension 
and hip flexion, but they do contribute to the accuracy 
of the total movement. These guiding muscles assist in 
refining the kick and preventing extraneous motions. 
Additionally, the muscles in the contralateral hip and 
pelvic area must be under relative tension to help fix- 
ate or stabilize the pelvis on that side in order to pro- 
vide a relatively stable pelvis for the hip flexors on the 
involved side to contract against. In kicking the ball, 
the pectineus and tensor fascia latae are adductors 
and abductors, respectively, in addition to flexors. The 
actions of abduction and adduction are neutralized by 
each other, and the common action of the iwo muscles 
results in hip flexion. 

From a practical point of view, it is not essential that 
one know the exact force exerted by each of the elbow 
flexors—biceps, brachialis, and brachioradialis—in a 
biceps curl. Ii is important to understand that this mus- 
cle group is the agonist or primary mover responsible 
for elbow joint flexion. Similarly, one must know that 
these muscles contract concentrically when the weight 
is pulled up and that they contract eccentrically when 
the weight is lowered slowly. Antagonist muscles pro- 
duce actions opposite those of the agonist. For example, 
the muscles that produce extension of the elbow joint 
are antagonistic to the muscles that produce flexion of 
the elbow joint. Ii is important to recognize that specific 
exercises need to be given for the development of each 
agonisit and antagonist muscle group; they should be 
thought of together whenever exercise is implemented. 
(Later chapters reiterate this point with examples.) 
The return movement of the weight at the elbow joint 
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is elbow joint extension, but the triceps and anconeus 
are noi being strengthened. A concentric contraction 
of the elbow joint flexors occurs during the lifting of 
the weight, followed by an eccentric contraction of the 
same muscles as the weight is returned. Both contrac- 
tions are important in hypertrophy of muscle fibers, but 
the eccentric phase challenges the muscles for growth, 
especially if the movement is slow and controlled. 


REVERSAL OF MUSCLE FUNCTION 


One example of agonist and antagonist muscles that 
contract to control their opposite motion is the bi- 
ceps and triceps (figure 2.5). If the biceps contracts 
concentrically, it acts as an agonist to flex the elbow. 


(a) Arm curl at the beginning  (b) Arm curil in the flexed position 


position in extension 


(c) Triceps extension in the beginning 
position in flexion 


(d) Triceps extension in 
extended position 


FIGURE 2.5  Synergistic and antagonistic muscles 


The triceps is an antagonist to elbow flexion, and the 
pronator teres is considered a synergist to the biceps 
in this example. If, when a person is holding a dumb- 
bell, the biceps were to slowly lengthen and control 
elbow extension, the biceps would still be the agonist, 
but it would be contracting eccentrically. If the elbow 
was extended against gravity, with the weight over- 
head, the triceps becomes an agonist by contracting 
concentrically to extend the elbow. The biceps is an 
antagonist to elbow extension in this example. On the 
return phase of triceps extension, the triceps length- 
ens and controls elbow flexion and is eccentrically 
contracting. In both of these examples, the deltoid, 
trapezius, and various other shoulder muscles are 
serving as stabilizers of the shoulder area. These two 
muscle-group examples, biceps brachii and triceps, 
should serve as a template for how the focus of an ex- 
ercise should be performed. For every muscle group— 
hamstrings, quadriceps, tensor fascia latae, adductor 
magnus—the agonist and antagonist are strengthened 
or stretched together so that a balance is maintained 
between the groups during joint movement. 


Determination of Muscle Action 


The specific action of a muscle may be determined 
through a variety of methods. These include reasoning 
in consideration of anatomical lines of pull, anatomi- 
cal dissection, palpation, models, electromyography, 
and electrical stimulation. Studying a muscle's line of 
pull against forces such as gravity and resistance is 
vital in a clinical setting. 

A muscle's action at the joint is predicted by deter- 
mining the muscles line of pull (see “Lines of Pull” 
below). While not available to all students, seminars 
specializing in cadaver dissection of muscles and joints 
are an excellent way to further learn muscle action. 

For most of the skeletal muscles, palpation is a very 
useful way to determine muscle action. This is done 
through using the sense of touch to feel or examine a 
muscle as it is contracted. Palpation is limited to su- 
perficial muscles, but it is helpful in furthering one's 
study of joint mechanics. Models such as long rubber 
bands may be used to study lines of pull and muscle 
lengthening or shortening as joints move through 
various ranges of motion. 

Electromyography (EMG) utilizes either surface 
electrodes thai are placed over the muscle or fine 
wire or needle electrodes placed into the muscle. As 
the subject moves the joint and contracts the mus- 
cles, the EMG unit detects the action potentials of 
muscles and provides an electronic readout of the 
contraction intensity and duration. EMG is the most 
accurate way of detecting the presence and extent of 
muscle activity. 


Electrical muscle stimulation is somewhat a reverse 
approach of electromyography. Instead of electricity 
being used to detect muscle action, ii is used to cause 
muscle activity. Surface electrodes are placed over a 
muscle, and then the stimulator causes the muscle to 
contract. The joint's actions may then be observed to 
see the effect of the muscle's contraction on the joint. 


LINES OF PULL 


Combining the knowledge of a particular joint's func- 
tional design and the specific location of a musculo- 
tendinous unit as it crosses a joint is extremely helpful 
in understanding the muscle's action on the joint. For 
example, knowing that the rectus femoris has its ori- 
gin on the anterior inferior iliac spine and its insertion 
on the tibial tuberosity via the patella, a therapist can 
then determine that the muscle must have an anterior 
relationship to the knee and hip. Since its fibers run 
vertically along the shaft of the femur, its Line of pull 
must be in the sagittal plane. Knowing that both joints 
are capable of sagitial plane movements such as flex- 
ion and extension, the therapist can then determine 
that when the rectus femoris contracts concentrically, 
it should cause the knee to extend and the hip to flex. 
An exercise to strengthen or stretch this muscle should 
be designed with these things in mind. 

The origin of the semitendinosus, semimembranosus, 
and biceps femoris on the ischial tuberosity helps define 
the joint actions of the hamstring group. For the distal 
attachments, the semitendinosus and semimembrano- 
sus cross the knee posteromedially before inserting on 
the tibia; the biceps femoris crosses the knee postero- 
laterally before inserting on the tibia and fibula head. 
All of this helps determine that all three muscles have 
posterior relationships to the hip and knee, which would 
enable them to be hip extensors and knee flexors on con- 
centric contraction. The specific knowledge related to 
their distal attachments and the knees ability to rotate 
when flexed would allow the therapist to determine that 
the semitendinosus and semimembranosus would cause 
internal rotation, whereas the biceps femoris would 
cause external rotation. Knowing that the knee's axes of 
rotation are only frontal and vertical, but not sagittal, 
enables practitioners to determine that—although the 
semitendinosus and semimembranosus have a postero- 
medial line of pull and the biceps femoris has a pos- 
terolateral line of pull-—hese muscles are not capable of 
causing knee adduction and abduction, respectively. 

The reverse can be true for this concept. For example, 
if the only action of a muscle, such as the brachialis, is 
known to be elbow flexion, ii could then be determined 
that its line of pull must be anterior to the joint. Addition- 
ally, it seems logical that the origin of the brachialis must 
be located somewhere on the anterior humerus and the 
insertion must be somewhere on the anterior ulna. 
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Students must consider all the following factors 
and their relationships as they study movements of 
the body: 


e Exact locations of bony landmarks to which 
muscles attach proximally and distally and their 
relationship to joints. 


e 'The planes of motion through which a joint is 
capable of moving. 


* 'The muscles relationship or line of pull relative to 
the joint's axes of rotation. 


e Asa joint moves through a particular range of 
motion, the ability of the line of pull to change so 
that the muscle has a different or opposite action 
than it had in the original position. 


+ 'The potential effect of other muscles' relative 
contraction or relaxation on a particular muscle's 
ability to cause motion. 


e 'The effect ofa muscles relative length on its 
ability to generate force. (See “Muscle Lengih- 
Tension Relationship” and “Active and Passive 
Insufficiency,” below.) 


e 'The effect of the position of other joints on the 
ability of a biarticular or multiarticular muscle 
to generate force or allow lengthening. (See 
“Uniarticular, Biarticular, and Multiarticular 
Muscles,” below.) 


e The direction that the fibers of a muscle run. For 
example, the biceps brachii's fibers run longitu- 
dinal along the humerus; thus, line of pull would 
cause movement in the sagittal plane. 


Neural Control of Voluntary 
Movement 


When discussing muscular activity, one should really 
refer to it as neuromuscular activity, since muscle can- 
not be active without nervous innervation. All volun- 
tary movement is a result of both the muscular and 
nervous systems working together. All muscle contrac- 
tion occurs as a result of stimulation from the nervous 
system. Ultimately, every muscle fiber is innervated by 
a somatic motor neuron, which, when an appropriate 
stimulus is provided, results in a muscle contraction. 
Depending on a variety of factors, this stimulus may be 
processed in varying degrees at different levels of the 
central nervous system (CNS), which, for the purposes 
of this discussion, may be divided into five levels of 
control. This listing, in order from the most general 
level of control and the most superiorly located to the 
most specific level of control and the most inferiorly 
located, includes the cerebral cortex, the basal ganglia, 
the cerebellum, the brainstem, and the spinal cord. 


36 part1 Introduction to Structural Kinesiology 


e 'The cerebral cortex is the highest level of control. 
It provides for the creation of voluntary movement 
as aggregate muscle action but not as specific 
muscle activity. Sensory stimuli from the body 
also are interpreted here to a degree for the 
determination of needed responses. 


e 'The basal ganglia is the next level. It controls the 
maintenance of postures and equilibrium and 
learned movements such as driving a car. Sensory 
integration for balance and rhythmic activities is 
controlled here. 


e 'The cerebellum is a major integrator of sensory im- 
pulses and provides feedback relative to motion. It 
controls the timing and intensity of muscle activ- 
ity to assist in the refinement of movements. 


e 'The brainstem integrates all CNS activity through 
excitation and inhibition of desired neuromuscu- 
lar actions, and it functions in arousal or main- 
taining a wakeful state. 
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FIGURE 2.6 The spinal nerve roots and plexuses 


e 'The spinal cord is the common pathway between 
the CNS and the peripheral nervous system (PNS), 
which contains all the remaining nerves through- 
out the body. It has the most specific control and 
integrates various simple and complex spinal re- 
flexes, as well as cortical and basal ganglia activity, 
with various classifications of spinal reflexes. 


Functionally, the PNS can be divided into sensory 
and motor divisions. The sensory, or afferent, nerves 
bring impulses from receptors in the skin, joints, 
muscles, and other peripheral aspects of the body to 
the CNS, while the motor, or e/ferent, nerves carry im- 
pulses to the outlying regions of the body. 

The spinal nerves, illustrated in figure 2.6, also 
provide both motor and sensory function for their 
respective portions of the body and are named for 
the locations from which they exit the vertebral col- 
umn. From each side of the spinal column, there are 
8 cervical nerves, 12 thoracic nerves, 5 lumbar nerves, 


Cervical nerves (8 pairs) 
Cervical enlargement 


Thoracic nerves (12 pairs) 


Medullary cone 


Lumbar nerves (5 pairs) 


Cauda equina 


Sacral nerves (5 pairs) 
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5 sacral nerves, and 1 coccygeal nerve. Cervical nerves 
1 through 4 form the cervical plexus, which is gen- 
erally responsible for sensation from the upper part 
of the shoulders to the back of the head and front of 
the neck. The cervical plexus supplies motor innerva- 
tion to several muscles of the neck. Cervical nerves 
5 through 8, along with thoracic nerve 1, form the 
brachial plexus, which supplies motor and sensory 
function to the upper extremity and most of the scap- 
ula. Thoracic nerves 2 through 12 run directly to spe- 
cific anatomical locations in the thorax. All the lumbar, 
sacral, and coccygeal nerves form the lumbosacral 
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plexus, which supplies sensation and motor function 
to the lower trunk and the entire lower extremity and 
perineum. 

One aspect of the sensory function of spinal nerves 
is to provide feedback to the CNS regarding skin sen- 
sation. A defined area of skin supplied by a specific 
spinal nerve is known as a dermatome. Regarding 
motor function of spinal nerves, a myotome is de- 
fined as a muscle or group of muscles supplied by a 
specific spinal nerve. Certain spinal nerves are also 
responsible for reflexes. See table 2.2 regarding the 
specific spinal nerve functions. 


TABLE 2.2  Spinal Nerve Root Dermatomes, Myotomes, Reflexes, and Functional Application 


Nerve  Dermatome afferent Myotome efferent Functional 
root (sensory) (motor) Reflexes application 
CI Touch: Vertex of skull Upper neck muscles None None 
C2 Touch: Temple, forehead, occiput Upper neck muscles None None 
o C3 Touch: Entire neck, posterior Trapezius, splenius, capitis None Scapula retraction, neck 
ă cheek, temporal area, under extension 
= mandible Sensation to cheek and side 
= of neck 
85 C4 Touch: Shoulder area, clavicular Trapezius, levator scapulae None Scapula retraction and 
area, upper scapular area elevation 
Sensation to clavicle and 
upper scapula 
C5 Touch: Deltoid area, anterior aspect  Supraspinatus, infraspina- Biceps brachii Shoulder abduction 
of entire arm to base of thumb tus, deltoid, biceps brachii Sensation to lateral side of 
arm and elbow 
C6 Touch: Anterior arm, radial side of Biceps, supinator, wrist Biceps brachii, Elbow flexion, wrist extension 
hand to thumb and index finger extensors brachioradialis Sensation to lateral side of 
forearm including thumb and 
index finger 
C7 Touch: Lateral arm and forearm to Triceps brachii, wrist Triceps brachii Elbow extension, wrist flexion 
index, long, and ring fingers îlexors Sensation to middle of ante- 
rior forearm and long finger 
C8 Touch: Medial side of forearm to Ulnar deviators, thumb None Wrist ulnar deviation, thumb 
= ring and litile fingers extensors, thumb adduc- extension 
= tors (rarely triceps) Sensation to posterior elbow 
=: and medial forearm to litile 
E finger 
E TI Touch: Medial arm and forearm to Intrinsic muscles of the None Abduction and adduction of 
wrist hand except for opponens fingers 
pollicis and abductor pol- Sensation to medial arm and 
licis brevis elbow 
T2 Touch: Medial side of upper arm Intercostal muscles None Sensation to medial upper 
to medial elbow, pectoral and arm, upper chest, and mid- 
midscapular areas scapular area 
T3- Touch: T3-T6, upper thorax; Intercostal muscles, None Sensation to chest, abdomen, 


T12 T5-T7, costal margin; T8-T12, 
abdomen and lumbar region 


abdominal muscles 


and low back 


(Continued) 
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TABLE 2.2  (Continued ) 
Nerve  Dermatome afferent Myotome efferent Functional 
root (sensory) (motor) Reflexes application 
LI Touch: Lower abdomen, groin, Quadratus lumborum None Sensation to low back, over 
lumbar region from 2nd to 4th trochanter and groin 
vertebrae, upper and outer aspect 
of buttocks 
L2 Touch: Lower lumbar region, upper  Iliopsoas, quadriceps None Hip flexion 
buttock, anterior aspect of thigh Sensation to back, front of 
thigh to knee 
L3 Touch: Medial aspect of thigh to Psoas, quadriceps Patella orknee Hip flexion and knee 
knee, anterior aspect of lower 1/3 extensors extension 
of the thigh to just below patella Sensation to back, upper but- 
tock, anterior thigh and knee, 
medial lower leg 
L4 Touch: Medial aspect of lower leg Tibialis anterior, extensor Patella or knee  Ankle dorsiflexion, transverse 
and foot, inner border of foot, great  hallucis and digitorum extensors tarsal/subtalar inversion 
toe longus, peroneals Sensation to medial buttock, 
SE lateral thigh, medial leg, 
3 dorsum of foot, great toe 
= L5 Touch: Lateral border of leg, Extensor hallucis and None Great toe extension, trans- 
Ş anterior surface of the lower leg, digitorum longus, perone- verse talar/subtalar eversion 
= top of foot to middle three toes als, gluteus maximus and Sensation to upper lateral leg, 
E medius, and dorsiflexors anterior surface of the lower 
leg, middle three toes 
S1 Touch: Posterior aspect of the Gastrocnemius, soleus, Achilles reflex Ankle plantarflexion, knee 
lower 1/4 of the leg, posterior as- gluteus maximus and îlexion, transverse talar/ 
pect of the foot, including the heel, medius, hamstrings, subtalar eversion 
lateral border of the foot and sole peroneals Sensation to lateral leg, 
lateral foot, lateral two toes, 
plantar aspect of foot 
S2 Touch: Posterior central strip of the  Gastrocnemius, soleus, None Ankle plantar flexion and toe 
leg from below the gluteal fold to gluteus maximus, îlexion 
3/4 of the way down the leg hamstrings Sensation to posterior thigh 
and upper posterior leg 
S3 Touch: Groin, medial thigh to knee Intrinsic foot muscles None Sensation to groin and ad- 
ductor region 
S4 Touch: Perineum, genitals, lower Bladder, rectum None Urinary and bowel control 


sacrum 


Sensation to saddle area, 
genitals, anus 


The basic functional units of the nervous system 
responsible for generating and transmitting impulses 
are nerve cells known as neurons. Neurons consist of 
a neuron cell body; one or more branching projections 
known as dendrites, which transmit impulses to the 
neuron and cell body; and an axon, which is an elon- 
gated projection that transmits impulses away from 
neuron cell bodies. Neurons are classified into three 


types, according to the direction in which they trans- 
mit impulses. Sensory neurons transmit impulses to 
the spinal cord and brain from all parts of the body, 
whereas motor neurons transmit impulses away from 
the brain and spinal cord to muscle and glandular 
tissue. Interneurons are central or connecting neu- 
rons that conduct impulses from sensory neurons to 
motor neurons. 


Proprioception and Kinesthesis 


The performance of various activities is significantly 
dependent on neurologic feedback from the body. 
More importantly, people could not survive without 
the ability to sense where they are in space or sense 
temperature and pressure to the skin. Very simply, hu- 
mans use the various senses to determine responses 
to their environment, such as using sight to know 
when to lift the hand to catch a fly ball. All humans 
are familiar with the senses of smell, touch, sight, 
hearing, and taste, as well as other sensations, such as 
pain, pressure, heat, and cold; however, people often 
take for granted the sensory feedback provided by 
proprioceptors during neuromuscular activity. Pro- 
prioceptors are internal receptors located in the skin, 
joints, muscles, and tendons that provide feedback 
relative to the tension, length, and contraction state 
of muscles, the position of the body and limbs, and 
movements of the joinis. These proprioceptors, in 
combination with the body's other sense organs, are 
vital in kinesthesis, which is the conscious aware- 
ness of the position and movement of the body in 
space. For example, when a person stands on one leg 
with the other knee flexed, he does not have to look 
at his non-weight-bearing leg to know the approxi- 
mate number of degrees that he may have it flexed. 
The proprioceptors in and around the knee provide 
information so that he is kinesthetically aware of his 
knee position. Proprioceptors specific to the muscles 
are muscle spindles and Golgi tendon organs (GTOs), 
whereas Meissner's corpuscles, Ruffini's corpuscles, 
pacinian corpuscles, and Krause's end-bulbs are pro- 
prioceptors specific to the joints and skin. 

While kinesthesis is concerned with the conscious 
awareness of the bodys position, proprioception is the 
subconscious mechanism by which the body is able 
to regulate posture and movement by responding to 
stimuli originating in the proprioceptors embedded 
in the joints, tendons, muscles, and inner ear. When 
a person who has good proprioception unexpectedly 
steps on an unlevel or unstable surface, the muscles 
in and about the lower extremity may respond very 
quickly by contracting appropriately to prevent a fall 
or injury. This is a protective response of the body 
that occurs without the person having to take time 
to make a conscious decision about how to respond. 
Kinesthesis and proprioception have become impor- 
tant developmental components in exercise prescrip- 
tion, especially in the older population whose balance 
and muscle tissue are compromised. Everyone, young 
or old, athletic or not, will benefit from exercises that 
stress body awareness. 

Muscle spindles (figure 2.7), concentrated pri- 
marily in the muscle belly between the fibers, are sen- 
sitive to stretch and rate of stretch. Specifically, they 
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insert into the connective tissue within the muscle 
and run parallel with the muscle fibers. The number 
of spindles in a particular muscle varies depending on 
the level of control needed for the area. Consegquently, 
the concentration of muscle spindles in the hands is 
much greater than that in the thigh. 

When a rapid stretch occurs, an impulse is sent to 
the CNS. The CNS then activates the motor neurons 
of the muscle and causes it to contract. All muscles 
possess this myotatic, or stretch, reflex, but it is more 
remarkable in the extensor muscles of the extremities. 
The knee jerk, or patellar tendon reflex, can be used 
as an example, as shown in figure 2.8. When the reflex 
hammer strikes the patellar tendon, it causes a quick 
stretch to the musculotendinous unit of the quadri- 
ceps. In response, the quadriceps fires, and the knee 
extends. The power of this contraction is increased if 
the tap of the hammer is more intense. Consider, for 
example, what happens when a student begins to doze 
off in class. As the head starts to nod forward, there is 
a sudden stretch placed on the neck extensors, which 
activates the muscle spindles and ultimately results in 
a sudden jerk back to an extended position. 

The stretch reflex provided by the muscle spindle 
may be utilized to facilitate a greater response, as in the 
case of a quick, short squat before attempting a jump. 
The quick stretch placed on the muscles in the squat 
enables the same muscles to generate more force when 
the body subsequently jumps off the floor. Aihletes use 
this physiology when training in plyometrics, a type of 
exercise designed to make use of the myotatic reflex arc. 
As a muscle is lengthened while loaded, the contraction 
will produce a greater force because of stored elastic 
energy. Thus, a basketball player may jump higher and 
more powerfully. Yet the stretch reflex contraction can 
also be detrimental, especially during stretching ex- 
ercises. Because the muscle spindles are triggered by 
a lengthened muscle, and the muscle has reached its 
length at a high velocity, the stretch reflex has the power 
to return a rapid concentric contraction in response. În 
a lengthened muscle that is already under stretch pres- 
sure, injury could result to the muscle-tendon units. 
This is discussed more in later chapters. 

The Golgi tendon organ (GTO), serially located 
in the tendon close to the muscle-tendon junction 
(figure 2.9), are continuously sensitive to both mus- 
cle tension and active contraction. The GTO is much 
less sensitive to stretch than are muscle spindles and 
requires a greater stretch to be activated. Tension in 
tendons, and consequently in the GTO, increases as 
the muscle contracts, and this in turn activates the 
GTO. When the GTO stretch threshold is reached, an 
impulse is sent to the CNS, which in turn causes the 
muscle to relax and facilitates activation of the antag- 
onists as a protective mechanism. That is, the GTO, 
through this inverse stretch reflex, protects the body 
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FIGURE 2.7 Muscle spindles 


from an excessive contraction by causing the muscle 
it supplies to relax. For example, when a weight lifter 
attempts a very heavy resistance in the biceps curl 
and reaches the point of extreme overload, the GTO 
is activated, the biceps suddenly relaxes, and the tri- 
ceps contracts, which is why it appears as if the lifter 
is throwing the weight down. 

Pacinian corpuscles, concentrated around joint 
capsules, ligamenits, and tendon sheaths and beneath 
the skin, are activated by rapid changes in the joint 
angle and by pressure changes affecting the capsule. 
This activation lasts only briefly and is not effective in 
detecting constant pressure. Pacinian corpuscles are 
helpful in providing feedback regarding the location 
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of a body part in space after quick movements such as 
running or jumping. 

Rujfini's corpuscles, located in deep layers of the 
skin and the joint capsule, are activated by strong and 
sudden joint movements as well as pressure changes. 
Unlike pacinian corpuscles, their reaction to pressure 
changes is slower to develop, but their activation is con- 
tinued as long as pressure is maintained. They are es- 
sential in detecting even minute joint position changes 
and providing information as to the exact joint angle. 

Meissner's corpuscles and Krauses end-bulbs are 
located in the skin and in subcutaneous tissues. 
While they are important in receiving stimuli from 
touch, they are not so relevant to a discussion about 


chapter 2  Neuromuscular Fundamentals 41 


6) Primary afferent 
neuron stimulates 
inhibitory interneuron 


To brain 


(03) Primary afferent 
neuron stimulates 
alpha motor neuron 
to extensor muscle 


Z Și 


ANN 


Interneuron inhibits 
alpha motor neuron 
to flexor muscle 


Alpha motor neuron 
stimulates extensor 


(3) Primary afferent muscle to contract 


neuron excited 


= 


(2) Muscle spindle 
stimulated 


(D) Extensor muscle (8) Flexor muscle 
stretched (antagonist) relaxes 


FIGURE 2.8 The patellar tendon reflex arc 


kinesthesis. See table 2.3 for further comparisons of 
sensory receptors. 

The quality of movement and how the body reacts 
to position change is significantly dependent on the 
proprioceptive feedback from the muscles and joints. 
Like the other factors involving body movement, pro- 
prioception may be enhanced through specific train- 
ing that utilizes the proprioceptors to a high degree, 
such as martial arts and any activity that requires bal- 
ance as the body moves through space. Attempting to 
maintain balance while seated on a physio ball, first 
with both feet down on a level surface, may serve as 
an initial low-level proprioceptive activity. Progress- 
ing to more difficult movements with just one foot 
down will help build proprioceptive skills. There are 
numerous additional proprioceptive training activi- 
ties that are limited only by the imagination and the 
level of proprioception. 
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MOTOR UNIIS AND THE ALL-OR-NONE 
PRINCIPLE 
When a particular muscle contracis, the contraction 


actually occurs at the muscle-fiber level within a par- 
FIGURE 2.9 A Golgi tendon organ ticular motor unit. A motor unit consists of a single 
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TABLE 2.3  Sensory Receptors 


Receptors Sensitivity 


Location 


Response 


Subconscious muscle 
sense, muscle lengih 
changes 


Muscle spindles 


Subconscious muscle 
sense, muscle tension 
changes 


Golgi tendon organs 


Pacinian corpuscles Rapid changes in joint 


angles, pressure, vibration 


Ruffini's corpuscles Strong, sudden joint 
movements, touch, 


pressure 


Meissner's corpuscles Fine touch, vibration In skin 


Krause's end-bulbs Touch, thermal change 


In skeletal muscles among muscle 
fibers in parallel wiih fibers 


In tendons, near muscle-tendon 
junction in series with muscle fibers 


Subcutaneous, submucosa, and 
subserous tissues around joints and 
external genitals, mammary glands 


Skin and subcutaneous tissue of fingers, 
collagenous fibers of the joint capsule 


Skin, subcutaneous tissue, lip and 


Initiate rapid contraction of 
stretched muscle 


Inhibits development of tension in 
antagonistic muscles 


Inhibit development of tension in 
stretched muscles 


Initiates development of tension in 
antagonistic muscles 


Provide feedback regarding 
location of body part in space 
following quick movemenis 


Provide feedback as to exact 
joint angle 


Provide feedback regarding 
touch, two-point discrimination 


Provide feedback regarding touch 
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FIGURE 2.10 A motorunit 


motor neuron and all the muscle fibers it innervates 
(figure 2.10). Motor units function as a single unit. 
In a typical muscle contraction, the number of motor 
units innervated and the number of muscle fibers 
contracting may vary significantly. Depending on the 
number of muscle fibers within each activated motor 
unit, and the number of motor units activated, muscle 
contractions may be powerful for doing sports move- 
ments or delicate for performing surgery. Regardless 
of the number involved, the individual muscle fibers 
within a given motor unit will fire and contract either 
maximally or not at all. This is referred to as the all- 
or-none principle. 


FACTORS AFFECTING MUSCLE TENSION 
DEVELOPMENT 


The difference between a particular muscle contract- 
ing to lift a minimal resistance and the same muscle 
contracting to lili a maximal resistance is the num- 
ber of muscle fibers recruited. The number of muscle 
fibers recruited may be increased by activating the 
motor units that contain a greater number of mus- 
cle fibers, by activating more motor units, or by in- 
creasing the frequency of motor unit activation. The 
number of muscle fibers per motor unit varies signifi- 
cantly from fewer than 10 in muscles requiring a very 
precise and detailed response, such as the muscles of 
the eye, to as many as a few thousand in large mus- 
cle groups, such as the quadriceps that perform less 
complex activities. 

For the muscle fibers in a particular motor unit to 
contract, the motor unit must first receive a stimulus 
via an electrical signal known as an action potential 
from the brain and spinal cord through its axons. If 
the stimulus is not strong enough to cause an action 
potential, it is known as a subthreshold stimulus and 
does not result in a contraction. When the stimulus 
becomes strong enough to produce an action potential 
in a single motor unit axon, it is known as a fhreshold 
stimulus, and all the muscle fibers in the motor unit 
contract. Stimuli that are stronger to the point of pro- 
ducing action potentials in additional motor units are 
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FIGURE 2.11  Achieving threshold stimulus and the effect of recruiting more motor units on increasing tension 


known as submaximal stimuli. For action potentials 
to be produced in all the motor units of a particular 
muscle, a maximal stimulus would be required. As the 
strength of the stimulus increases from threshold up 
to maximal, more motor units are recruited and the 
overall force of the muscle contraction increases in a 
graded fashion. Increasing the stimulus beyond maxi- 
mal has no effect. The effect of increasing the number 
of motor units activated is detailed in figure. 2.11. 
Greater contraction forces may also be achieved by 
increasing the frequency of motor unit activation. To 
simplify the phases of a single muscle-fiber contrac- 
tion or twitch, a stimulus is provided and followed by 
a brief latent period of a few milliseconds. Then the 
second phase, known as the contraction phase, begins, 
during which the muscle fiber begins shortening. The 
contraction phase lasts about 40 milliseconds and 
is followed by the relaxation phase, which lasts ap- 
proximately 50 milliseconds. This is illustrated in fig- 
ure 2.12. When successive stimuli are provided before 
the relaxation phase of the first twitch has completed, 
the subsequent twitches combine with the first to pro- 
duce a sustained contraction. This summation of con- 
tractions generates a greater amount of tension than 
a single contraction would produce individually. As 
the frequency of stimuli increases, the resultant sum- 
mation increases accordingly, producing increasingly 
greater total muscle tension. If the stimuli are pro- 
vided at a frequency high enough that no relaxation 
can occur between contractions, tetanus results. Fig- 
ure 2.13 illustrates the effect of increasing the rate of 
stimulation to gain increased muscle tension. 
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FIGURE 2.12 A recording of a simple twitch 


Treppe is another type of muscle contraction that 
occurs when multiple maximal stimuli are provided 
at a low enough frequency to allow complete relax- 
ation between contractions. Slightly greater tension 
is produced by the second stimulus than by the first. 
A third stimulus produces even greater tension than 
the second. This staircase effect, as illustrated in fig- 
ure 2.14, occurs only with the first few stimuli, and 
the resultant contractions after the initial ones result 
in equal tension being produced. 
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FIGURE 2.14  Treppe 


MUSCLE LENGTH-TENSION 
RELATIONSHIP 


The maximal ability of a muscle to develop tension 
and exert force varies depending on the length of the 
muscle during contraction. Generally, depending on 
the particular muscle involved, the greatest amount of 
tension can be developed when a muscle is stretched 
between 100 percent and 130 percent of its resting 
length. As a muscle is stretched beyond this point, the 
amount of force it can exeri significantly decreases. 
Likewise, a proportional decrease in the ability to de- 
velop tension occurs as a muscle is shortened. When 
a muscle is shortened to around 50 percent to 60 per- 
cent of its resting length, its ability to develop con- 
tractile tension is essentially reduced to zero. 

During the preparatory phase in most sporting ac- 
tivities, a person generally places the muscles in an 
optimum stretch that he intends to contract force- 
fully in the subsequent movement, or action, phase 
of the skill. The various phases of performing a move- 
ment skill are discussed in much greater detail in later 
chapters. This principle may be seen at work when a 
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FIGURE 2.15 Muscle length-tension relationship 


person squats slightly to stretch the calf, hamstrings, 
and quadriceps before contracting them concentri- 
cally to jump. If the muscles are not first lengihened 
through squatting slightly, they are unable to generate 
enough contractile force to jump very high. If, how- 
ever, a person squats fully and lengthens the muscles 
too much, she loses the ability to generate as much 
force, and as a result, she cannot jump as high. 

Manual therapists can take advantage of this prin- 
ciple by effectively reducing the contribution of some 
muscles in a group by placing them in a shortened 
state in order to isolate the work to the muscle(s) 
remaining in the lengthened state. For example, in 
hip extension, the therapist may isolate the work of 
the gluteus maximus as a hip extensor by maximally 
shortening the hamstrings with flexion of the knee to 
reduce their ability to act as hip extensors. See fig- 
ures 2.15 and 2.16. 


MUSCLE FORCE-VELOCITY 
RELATIONSHIP 


When the muscle is either concentrically or eccentri- 
cally contracting, the rate of length change is signifi- 
cantly related to the amount of force potential. When 
contracting concenitrically against a light resistance, 
the muscle is able to contract at a high velocity. As the 
resistance increases, the maximal velocity at which 
the muscle is able to contract decreases. Eventually, 
as the load increases, the velocity decreases to zero; 
this results in an isometric contraction. 

As the load increases even further beyond that 
which the muscle can maintain with an isometric con- 
traction, the muscle begins to lengthen, resulting in 
an eccentric contraction or action. A slight increase in 
the load will result in relatively low velocity of length- 
ening. As the load increases even further, the veloc- 
ity of lengthening will increase as well. Eventually, 
the load may increase to the point where the muscle 
can no longer resist. This will result in uncontrollable 
lengthening or, more likely, dropping of the load. 
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FIGURE 2.17 Muscle force-velocity relationship 


From this explanation, it is easy to see that there 
is an inverse relationship between concentric velocity 
and force production. As the force needed to cause 
movement of an object increases, the velocity of con- 
centric contraction decreases. Furthermore, there 
is a somewhat proportional relationship between 
eccentric velocity and force production. As the force 
needed to control the movement of an object increases, 
the velocity of eccentric lengthening increases, at 
least until the point at which control is lost. This is 
illustrated in figure 2.17. 


ANGLE OF PULL 


Another factor of considerable importance in 
using the leverage system is the angle of pull of 
the muscles on the bone. The angle of pull may 
be defined as the angle between the line of pull of 
the muscle and the bone on which it inserts. For 
the sake of clarity and consistency, it is necessary 


(b) Muscles in an optimally 
lengthened position 


(c) Mussciles are lengthened 
too much 


to specify that the actual angle referred to is the 
angle toward the joint. With every degree of joint 
motion, the angle of pull changes. Joint movements 
and insertion angles involve mostly small angles of 
pull. The angle of pull decreases as the bone moves 
away from its anatomical position through the con- 
traction of the local muscle group. This range of 
movement depends on the type of joint and bony 
structure. 

Most muscles work at a small angle of pull, gen- 
erally less than 50 degrees. The amount of muscular 
force needed to cause joint movement is affected by 
the angle of pull. Two components of muscular force 
are involved. The rotary component, also referred to 
as the vertical component, is the component of mus- 
cular force that acts perpendicular to the long axis of 
the bone (lever). When the line of muscular force is 
at 90 degrees to the bone on which it attaches, all the 
muscular force is rotary force; therefore, 100 percent 
of the force is contributing to the movement. That is, 
all the force is being used to rotate the lever around 
its axis. The closer the angle of pull is to 90 degrees, 
the greater the rotary component. At all other degrees 
of the angle of pull, one of the other two components 
of force is operating in addition to the rotary com- 
ponent. The same rotary component is continuing, 
although with less force, to rotate the lever around 
its axis. The second force component is the nonro- 
tary component, or horizontal component, and it 
is either a stabilizing component or a dislocating 
component, depending on whether the angle of pull 
is less than or greater than 90 degrees. If the angle is 
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FIGURE 2.18 Components of force due to the angle of pull 


less than 90 degrees, the force is a stabilizing force, 
because its pull directs the bone toward the joint axis. 
If the angle is greater than 90 degrees, the force is 
dislocating, because its pull direcis the bone away 
from the joint axis (figure 2.18). 

In some activities, it is desirable to have a per- 
son begin a movement when the angle of pull is at 
90 degrees. Many people are unable to do a chin-up 
(pull-up) unless they start with the elbow in a posi- 
tion that allows the elbow flexor muscle group to ap- 
proximate a 90-degree angle with the forearm. 

This angle makes the chin-up easier because of the 
more advantageous angle of pull. The application of 
this fact can compensate for lack of sufficient strength. 
In its range of motion, a muscle pulls a lever through 
a range characteristic of itself, but it is most effective 
when approaching and going beyond 90 degrees. An 
increase in strength is the only solution for muscles 
that operate at disadvantageous angles of pull and re- 
quire greater force to operate efficiently. 


UNIARTICULAR, BIARTICULAR, AND 
MULTIARTICULAR MUSCLES 


Uniarticular muscles are those that cross and act di- 
rectly on only the joint that they cross. The brachialis 
of the elbow is one example in that it can only pull the 
humerus and ulna closer to each other on concentric 
contraction. When the humerus is relatively stabilized, 


Rotary 
component 


Angle of pull = 90 degrees 


Angle of pull > 90 degrees 


4 
| 
4 
| (120 degrees) 


Dislocating 
component 


as in an elbow curl, the brachialis contracts to flex 
the elbow and pulls the ulna closer to the humerus. 
However, when the ulna is relatively stabilized, as in a 
pull-up, the brachialis indirectly causes motion at the 
shoulder even though it does not cross it. In this ex- 
ample, the brachialis contracts and pulls the humerus 
closer to the ulna as an elbow flexor. Correspondingly, 
the shoulder has to move from flexion into extension 
for the pull-up to be accomplished. 

Biarticular muscles are those that cross and act di- 
rectly on two different joints. Depending on a variety 
of factors, a biarticular muscle may contract to cause, 
control, or prevent motion at either one or both of its 
joints. Biarticular muscles have two advantages over 
uniarticular muscles. They can cause, control, and/or 
preveni motion at more than one joint, and they may 
be able to maintain a relatively constant length due to 
“shortening” at one joint and “lengthening” at another 
joint. The muscle does not actually shorten at one 
joint and lengthen at the other; instead, the concentric 
shortening of the muscle to move one joint is offset by 
motion of the other joint, which moves its attachment 
of the muscle farther away. This maintenance of a 
relatively constant length results in the muscle's abil- 
ity to continue its exertion of force. In the pull-up ex- 
ample, the biceps brachii acts as a flexor at the elbow. 
In the initial stage of the pull-up, the biceps brachii 
is in a relatively lengthened state at the elbow due to 
its extended position and is in a relatively shortened 


state at the shoulder due to its flexed position. To ac- 
complish the pull-up, the biceps brachii contracts 
concentrically to flex the elbow so that it effectively 
“shortens” at the elbow. Simultaneously, the shoulder 
is extending during the pull-up, and this effectively 
“lengthens” the biceps brachii at the shoulder. 

The biarticular muscles of the hip and knee pro- 
vide excellent examples of two different patterns of 
action. An example of a concurrent movement pat- 
tern occurs when both the knee and the hip extend 
at the same time. If only the knee were to extend, the 
rectus femoris would shorten and lose tension as do 
the other quadriceps muscles, but its relative length 
and subsequent tension may be maintained due to its 
relative lengthening at the hip joint during extension. 
When a ball is kicked, an example of a countercurrent 
movement pattern may be observed. During the for- 
ward movement phase of the lower extremity, the rec- 
tus femoris is concentrically contracted to both flex 
the hip and extend the knee. These two movements, 
when combined, increase the tension or stretch on 
the hamstring muscles at both the knee and the hip. 

Multiarticular muscles act on three or more joints 
due to the line of pull between their origin and inser- 
tion crossing multiple joints. The principles discussed 
relative to biarticular muscles apply in a similar fash- 
ion to multiarticular muscles. 


RECIPROCAL INHIBITION 
OR INNERVATION 
As stated earlier, antagonist muscle groups must relax 


and lengthen when the agonist muscle group con- 
tracis. This effect, reciprocal innervation, occurs 


Introduction 


w When the human body begins a movement, there 
are myriad actions involved ihat people usually never 
consider. The brain sends nerve signals to the skeletal 
muscles, and chemicals are released to contract those 
muscles; then the joints move with the cooperation of all 
these elements. Since there are hundreds of muscles 
in the human body, it is necessary to have knowledge 
about their shapes, locations, and functions, as well as 
their neuromuscular principles. 


Muscle Nomenclature 

w In attempting to learn the skeletal muscles, it is helpful to 
study how they are named. For example, a rotary-shaped 
muscle such as the gluteus maximus has a powerful 
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through reciprocal inhibition of the antagonists. Ac- 
tivation of the motor units of the agonists causes a 
reciprocal neural inhibition of the motor units of the 
antagonists. This reduction in neural activity of the an- 
tagonists allows them to subsequenily lengthen under 
less tension. This may be demonstrated by comparing 
the ease with which one can stretch the hamstrings 
when simultaneously contracting the quadriceps 
versus attempting to stretch the hamstrings without 
the quadriceps contracted. This concept is discussed 
more in Chapter 21. 


ACTIVE AND PASSIVE INSUFFICIENCY 


As discussed earlier, as a muscle shortens, its ability 
to exert force diminishes. When the muscle becomes 
shortened to the point at which it cannot generate 
or maintain active tension, active însufficiency is 
reached. If the opposing muscle becomes stretched 
to the point at which it can no longer lengthen and 
allow movement, passive însufficiency is reached. 
These principles are most easily observed in either 
biarticular or multiarticular muscles when the full 
range of motion is attempted in all the joints crossed 
by the muscle. A good example of active and passive 
insufficiency is seen in wrist movements. For active 
insufficiency, making a fist with the wrist extended is 
easier than doing so with the wrist flexed. The short- 
ened flexor muscles are weaker as they attempt to 
make the fist. In the multijoint muscles of the exten- 
sors of the wrist and fingers, passive insufficiency lim- 
its finger and wrist flexion when they are performed 
together. A greater range of motion of wrist flexion is 
possible with the fingers extended. 


action because of its quadrilateral shape. The functional 
action can be assessed by the muscle shape. 


Shape of Muscles and Fascicle (Fiber Bundle) Arrangement 

w Various muscles have different shapes, and their fibers 
may be arranged differently in relation to each other 
and to the tendons to which they join. As mentioned 
with the gluteus maximus muscle, the shape and fiber 
arrangement play a role in the muscle's ability to exert 
force. These factors also affect the range through which 
a muscle can effectively exert force. One factor in the 
muscle's ability to exert force is its cross-section diam- 
eter. Keeping all other factors constant, a muscle with 
a greater cross-section diameter will be able to exert a 
greater force. 
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Muscle-Tissue Properties 

w/ Skeletal muscle tissue has four properties related to its 
ability to produce force and movement about the joints. 
Irritability or excitability is the muscle property of be- 
ing sensitive or responsive to chemical, electrical, and 
mechanical stimuli. When an appropriate stimulus is 
provided, the muscle responas by developing tension. 
Contractibility is the muscle's ability to contract and 
develop tension or an internal force against resistance 
when stimulated. The ability of muscle tissue to develop 
tension or contract is unique; other body tissues do not 
have this property. Extensibility is the muscle's ability to 
pe passively stretched beyond its normal resting length. 
Elasticity is the muscle's ability to return to its original 
resting length following a stretch. 


Muscle Terminology 

w Locating the muscles, their proximal and distal attach- 
ments, and their relationships to the joints they cross is 
critical to determining the effects that muscles have on 
the joints. 


Contraction: The Sliding-Filament Theory 

w In 1954, Hugh Huxley and Jean Hanson, îwo research- 
ers at the Massachusetts Institute of Technology, devel- 
oped a model called the s/iding-filament theory. Their 
assumption, or model, was that the myofilaments in 
muscle do not shorten during a contraction but that the 
thin filaments (actin) slide over the thick ones (myosin) 
and pull the Z disks behind them. 


Types of Muscle Contractions (Actions) 

vw The term muscle contraction may be confusing, be- 
cause in some types of contractions the muscle does 
not shorten in length as the term contraction indicates. 
As a result, it has become increasingly common to refer 
to the various types of muscle contractions as muscle 
actions instead. 

w Muscle contractions can be used to cause, control, or 
prevent joint movement. To elaborate, muscle contrac- 
tions can be used to initiate or accelerate the move- 
ment of a body segment, to slow down or decelerate 
the movement of a body segment, or to prevent move- 
ment of a body segment by external forces. All muscle 
contractions or actions can be classified as being either 
isometric or isotonic. 


Tying Roles of Muscles All Together 

v When a muscle with multiple agonist actions contracts, 
it attempts to perform all of its actions. Muscles cannot 
determine which of their actions are appropriate for the 
task at hand. The resulting actions actually performed 
depend on several factors, such as the motor units ac- 
tivated, joint position, muscle length, and relative con- 
traction or relaxation of other muscles acting on the 
joint. 

Determination of Muscle Action 


v The specific action of a muscle may be determined 
through a variety of methods. These include reasoning 


in consideration of anatomica! lines of pull, anatomica! 
dissection, palpation, models, electromyography, and 
electrical stimulation. Studying a muscles line of pull 
against forces such as gravity and resistance is vital in 
a clinical setting. 

w Combining the knowledge of a particular joints func- 
tional design and the specific location of a musculoten- 
dinous unit as it crosses a joint is extremely helpful in 
understanding the muscle's action on the joint. 


Neural Control of Voluntary Movement 


w When discussing muscular activity, one should re- 
ally refer to it as neuromuscular activity, since mus- 
cle cannot be active without nervous innervation. All 
voluntary movement is a result of both the muscular 
and nervous systems working together. All muscle 
contraction occurs as a result of stimulation from the 
nervous system. Ultimately, every muscle fiber is in- 
nervated by a somatic motor neuron, which, when an 
appropriate stimulus is provided, results in a muscle 
contraction. 


Proprioception and Kinesthesis 


w The performance of various activities is significantly de- 
pendent on neurologic feedback from the body. More 
importantiy, people could not survive without the ability 
to sense where they are in space or sense temperature 
and pressure to the skin. Very simply, humans use the 
various senses to determine responses to their environ- 
ment, such as using sight to know when to lift the hand 
to catch a fly ball. 


Neuromuscular Concepts 


w When a particular muscle contracts, the contraction ac- 
tually occurs at the muscle-fiber level within a particular 
motor unit. A motor unit consists of a single motor neu- 
ron and all the muscle fibers it innervates. Motor units 
function as a single unit. In a typical muscle contraction, 
the number of motor units innervated and the number of 
muscle fibers contracting may vary significantly. This is 
known as the all-or-none principle. 

vw The difference between a particular muscle contract- 
ing to lift a minimal resistance and the same muscle 
contracting to lift a maximal resistance is the number of 
muscle fibers recruited. The number of muscle fibers re- 
cruited may be increased by activating the motor units 
that contain a greater number of muscle fibers, by acti- 
vating more motor units, or by increasing the frequency 
of motor unit activation. 

w The maximal ability of a muscle to develop tension and 
exert force varies depending on the length of the muscle 
during contraction. Generally, depending on the par 
ticular muscle involved, the greatest amount of tension 
can be developed when a muscle is stretched between 
100 percent and 130 percent of its resting length. 

vw When the muscle is either concentrically or eccentrically 
contracting, the rate of lengih change is significantly 
related to the amount of force potential. When contract- 
ing concentrically against a light resistance, the muscle 
is able to contract at a high velocity. 


True or False 


Write true or false after each statement. 


1. Under the definition of reciprocal inhibition, if 
the hamstrings flex the knee, then the quadriceps 
is lengthening to allow the movement. 

2. Angle of pull for skeletal muscles has no 
relationship to the planes of the body. 


3. After receiving innervations from the nerves, a 
muscle will contract. 


4. Kinesthesis is related to proprioceptors in the 
lower body. 


5. The stretch reflex is also known as a Golgi 
tendon reflex. 


6. Sensory neurons transmit impulses to the spinal 
cord and brain from all parts of the body. 


7. Stabilizer muscles help primary mover muscles 
work effectively. 


8. Eccentric muscle contraction is a shortening of 
muscle fibers. 


9. A good example of a radiate muscle is the sartorius. 


10. A good example of the myotatic reflex arc 
occurs when a person suddenly extends the 
head after being awakened from a chair. 


Short Answers 
Write your answers on the lines provided. 


1. Describe how motor units and muscle fibers are 
affected by the all-or-none principle. 
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. What are two factors that affect muscle tension 


development? 


. What affects the maximal ability of a muscle to 


develop tension and exert force? 


. The amount of muscular force needed to cause 


joint movement is greatly affected by what factor? 


. Explain the specific function uniarticular mus- 


cles have in joint movement. 


. Define active insufficiency in a muscle. 


2. Describe reciprocal inhibition between the 
gastrocnemius and the anterior tibialis if the 
gastrocnemius is the agonist. 


. Define four properties related to a muscle's 


ability to produce force and movement. 


3. What functions does a Meissner's corpusele have? 


10. 


Describe which muscle contractions an isoki- 
netic exercise machine uses. 
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Multiple Choice 
Circle the correct answers. 


1. Reciprocal inhibition involves the agonist and 
antagonist so that: 


a. a muscle can contract 
b. cooperation occurs in joint movement 


c. more weight can be lifted 1 


d. the agonist and antagonist relax 
2. Plyometrics uses what neuromuscular concept? 
a. all-or-none principle 
b. treppe 
c. pacinian corpuscles 
d. myotatic stretch reflex 
3. Kinesthesis involves which of the following? 
a. pacinian corpuscles 
b. Ruffini's corpuscles 
c. Meissner's corpuscles 
d. all of the above 
4. The highest level of neural control in the central 9 
nervous system is in the: 
a. cerebral cortex 
b. brainstem 
c. spinal cord 
d. cerebellum 


10. 


5. Muscles that surround the joint or body part and 
contract to fixate on an area to allow another 
limb to move are considered: 


a. agonists 
b. synergists 
c. neutralizers 
d. stabilizers 


6. 


A useful way to determine muscle action in the 

human body is by: 

a. palpation 

b. electromyography 

c. cadaver study 

d. all of the above 

Sensory or afferent nerves are responsible for: 

a. carrying impulses to the outlying regions of 
the body 

b. spinal fluid circulation 


c. bringing impulses from receptors in skin, 
joints, and muscles to the CNS 


d. none of the above 


. During an extreme muscle stretch, muscle 


spindles react by: 

a. initiating the stretch reflex 

b. initiating the myotatic reflex arc 

c. doing both a and b 

d. sending pain signals to the medulla 


. Three components of muscular force are: 


a. transitory, synergistic, rotary 

b. nonrotary, dislocating, stabile 

c. angle of pull, insertion, velocity 

d. rotary, nonrotary, stabilizing 

The rectus femoris contracting to flex the hip 
and extend the knee is a good example of: 

a. the stretch reflex 

b. active and passive insufficiency 
c. reciprocal stabilization 

d. angle of pull 


1. Choose a particular sports skill and determine 
the type of muscle contractions that occur in 
various major muscle groups in the body at dif- 
ferent phases of the skill. 


2. Using a reflex hammer or the flexed knuckle 
of your long finger, compare the stretch reflex 
among several subjects. 


3. Ask a partner to stand with eyes closed while you 
position the partner's arms in an odd position at 


the shoulders, elbows, and wrists. Ask your part- 
ner to describe the exact position of each joint 
while keeping his or her eyes closed. Then have 
your partner begin in the anatomical position, 
close the eyes, and subsequently reassume the 
position in which you had previously placed him 
or her. Explain the neuromechanisms involved in 
your partner's being able to both sense the joint 
position you placed him or her in and then reas- 
sume the same position. 


4. On a flat surface, stand up straight on one leg 


with the other knee flexed slightly and not in 
contact with anything. Look straight ahead 
and attempt to maintain your balance in this 
position for up to 5 minutes. What do you 
notice happening to the muscles in your lower 
leg? Try this again with the knee of the leg 
you are standing on slighily flexed. What 
differences do you notice? Try it again standing 
on a piece of thick foam. Try it in the original 
position with your eyes closed. Elaborate on 
the differences between the various attempis. 


. While standing, hold a heavy book in your hand 
with your forearm supinated and elbow flexed 
approximately 90 degrees. Have a partner sud- 
denly place another heavy book upon the one 
you are holding. What is the immediate result 
regarding the angle of flexion in your elbow? 
Explain why this result occurs. 


„ Sit up very straight on a table with the knees 
flexed 90 degrees and the feet hanging free. Main- 
tain this position while then flexing the right hip 
and attempting to cross your legs to place the 
right leg across the left knee. Is this difficult? 
What motion is occurring in the right leg or 
femur and why might it feel uncomfortable? 


„ Determine your one-repetition maximum for 

a biceps curl, beginning in full extension and 

ending in full flexion. Carry out each of the 

following exercises with adequate periods for 
recovery in between: 

a. Begin with your elbow flexed 45 degrees, and 
have a partner hand you a weight slightly 
heavier than your one-repetition maximum 
(approximately 5 pounds). Attempt to Lift it 
through the remaining range of flexion. 

Can you reach full flexion? Explain your 
results. 

b. Begin with your elbow in 90 degrees of 
flexion. Have your partner hand you a 
slightly heavier weight than described in 8a, 
above. Attempt to hold the elbow flexed in 


10. 


Sile 
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this position for 10 seconds. Can you do so? 
Explain. 

c. Begin with your elbow in full flexion. Have 
your partner hand you a slightly heavier 
weight than described in 8b. Attempt to 
slowly lower the weight under control until 
you reach full extension. Can you do this? 
Explain. 


. With the wrist in neutral, extend the fingers 


maximally and attempt to maintain the position 
and then extend the wrist maximally. What hap- 
pens to the fingers and why? 


. Maximally flex your fingers around a pencil with 


your wrist in neutral. Maintain the maximal 
finger flexion while you allow a partner to grasp 
your forearm with one hand and use his or her 
other hand to push your wrist into maximal 
flexion. Can you maintain control of the pencil? 
Explain. 


Observe on a fellow student some of the muscles 
found in figures 2.1 and 2.2. 


With a partner, choose a diarthrodial joint on the 

body, and carry out each of the following exercises: 

a. Familiarize yourself with all of the joint's 
various movements, and list them. 

b. Determine which muscles or muscle groups 
are responsible for each of the movements 
you listed in 1la. 

c. For the muscles or muscle groups you listed 
for each movement in 11b, determine the type 
of contraction occurring. 

d. Determine how to change the parameters of 
gravity and/or resistance so that the opposite 
muscles contract to control the same move- 
ments noted in 11c. Name the type of con- 
traction occurring. 

e. Determine how to change the parameters 
of movement, gravity, and/or resistance 
so that the same muscles listed in 11c 
contract differenily to control the opposite 
movement. 


52 part 1 Introduction to Structural Kinesiology 


12. Muscle nomenclature chart: Complete the chart 
by providing the characteristics of each muscle 
listed. 


Distinctive characteristic(s) for 


Eilso sihane which it is named 


Adductor magnus 


Biceps brachii 


Biceps femoris 


Brachialis 


Brachioradialis 


Coracobrachialis 


Deltoid 


Extensor carpi radialis brevis 


Extensor carpi ulnaris 


Extensor digiti minimi 


Extensor digitorum 


Extensor hallucis longus 


Extensor indicis 


Extensor pollicis brevis 


External oblique 


Fibularis brevis 


Flexor carpi radialis 


Flexor digitorum longus 


Flexor digitorum profundus 


Flexor digitorum superficialis 


Muscle name 


Flexor pollicus longus 
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Distinctive characteristic(s) for 
which it is named 


Gastrocnemius 


Gluteus maximus 


Gluteus medius 


lliacus 


lliocostalis thoracis 


Infraspinatus 


Latissimus dorsi 


Levator scapulae 


Longissimus lumborum 


Obturator externus 


Palmaris longus 


Pectoralis minor 


Peroneus tertius 


Plantaris 


Pronator quadratus 


Pronator teres 


Psoas major 


Rectus abdominis 


Rectus femoris 


Rhomboid 


(Continued) 
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Distinctive characteristic(S) for 


pls e isinane which it is named 


Semimembranosus 


Semitendinosus 


Serratus anterior 


Spinalis cervicis 


Sternocleidomastoid 


Subclavius 


Subscapularis 


Supinator 


Supraspinatus 


Tensor fasciae latae 


Teres major 


Tibialis posterior 


Transversus abdominis 


Trapezius 


Triceps brachii 


Vastus intermedius 


Vastus lateralis 


Vastus medialis 


13. Muscle shape and fiber arrangement chart: Com- 
plete the chart by writing in flat, fusiform, strap, 
radiate, or sphincter for muscles classified as 
parallel. Write in unipennate, bipennate, or multi- 
pennate for those classified as pennate. 
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Muscle Parallel Pennate 


Adductor longus 


Adductor magnus 


Brachioradialis 


Extensor digitorum 


Flexor carpi ulnaris 


Flexor digitorum longus 


Gastrocnemius 


Gluteus maximus 


Iliopsoas 


Infraspinatus 


Latissimus dorsi 


Levator scapulae 


Palmaris longus 


Pronator quadratus 


Pronator teres 


Rhomboid 


Serratus anterior 


Subscapularis 


Triceps brachii 


Vastus intermedius 


Vastus medialis 
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14. Muscle contraction typing chart: Write the type 
of contraction, if any, in the cell of the muscle 
group that is contracting. Place a dash in the cell 
if no contraction is occurring. 


Exercise :  Quadriceps  :  Hamstrings 


a. Lie prone on a table with your knee in full extension. 


Maintain your knee in full extension. 


Very slowly flex your knee maximally. : 


Maintain your knee in full flexion. 


From the fully flexed position, extend : 
your knee fully as fast as possible 
but stop immediately before reaching : 
maximal extension. : 


From the fully flexed position, very 
slowly extend your knee fully. 


b. Begin sitting on the edge of the table with your knee in full extension. 


Maintain your knee in full extension. 


Very slowly flex your knee maximally. : 


Maintain your knee in full flexion. 


Maintain your knee in approximately : 
90 degrees of flexion. : 


From the fully flexed position, slowly : 
extend your knee fully. : 


c. Stand on one leg and move the other knee as directed. 


Maintain your knee in full extension. 


Very slowly flex your knee maximally. : 


From the fully flexed position, slowly : 
extend your knee fully. : 


From the fully flexed position, extend : 
your knee fully as fast as possible. 


Basic Biomechanical Factors 
and Concepts 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


3-1 Differentiate between the levers and explain 
how they apply to physical performance. 


3-2 Discuss how the musculoskeletal system 
functions as a series of simple machines. 


3-3 Describe how knowledge of torque and 
lever arm lengths can help improve physical 
performance. 


3-4  Recall Newton' laws of motion and cite 
examples of how the laws can apply to 
improving physical performance. 


Acceleration Displacement 

Angular motion Distance 
KEY Axis Eccentric force 
TERMS 

Balance Force 

Biomechanics Force arm 


Law of acceleration 


3-5 Compare balance, equilibrium, and stability 


and discuss how they can each help improve 
physical performance. 


3-6 Define force and momentum and describe how 


they can help improve physical performance. 


3-7 Analyze the basic effects of mechanical loading 


on the tissues of the body. 


Friction Law of inertia Resistance arm 
Inertia Law of reaction Sherrington's law 
Kinematics Linear motion Speed 

Kinetics Mass Torque 


Mechanical advantage Velocity 


Introduction 


Human movement is often complex and beautiful. 
Consider, for example, a ballerina's pirouette—a 
movement that requires years of training. Yet be- 
hind the dancer's graceful movements are hun- 
dreds of laws, forces, and biomechanical principles 
at work. Motion cannot occur unless there is a 
force behind it; however, motion includes many 


levers, torque, and pulleys that all exist as force is 
applied. Studying movement requires analyzing all 
of these elements. This chapter introduces some of 
the basic biomechanical factors and concepts that 
help make the study of kinesiology more logical. 
The study of mechanics as it relates to the 
functional and anatomical analysis of biological 
systems is known as biomechanics. Because the 
topic is so complex, students would benefit from 
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a separate, concenitrated study of biomechanics; 
however, to make recommendations for improving 
human movement, ii is necessary to examine mo- 
tion from a biomechanical perspective, both quali- 
tatively and quantitatively. 

Many students studying kinesiology have some 
knowledge, from a college or high school physics 
course, of the laws that affect motion. These prin- 
ciples and others are discussed briefly in this chap- 
ter, which should prepare students as they begin 
to apply them to motion in the human body. The 
more one can put these principles and concepts 
into practical application, the easier it will be to 
determine how they apply to actions. 

Mechanics, the study ofphysicalactions of forces, 
can be subdivided into statics and dynamics. 


Statics involves the study of systems that are in a 
constant state of motion, whether at rest with no 
motion or moving at a constant velocity without 
acceleration. Statics involves the balance of all 
forces acting on the body, resulting in the body 
maintaining a state of equilibrium. Dynamics in- 
volves the study of systems in motion with acceler- 
ation. A system in acceleration is unbalanced due 
to unequal forces acting on the body. Additional 
components of biomechanical study include kine- 
matics and kinetics. Kinematics is concerned with 
the description of motion and includes consider- 
ation of time, displacement, velocity, acceleration, 
and space factors of a system's motion. Kinetics 
is the study of forces associated with the motion 
of a body. 


Types of Machines Found 
in the Body 


As discussed in Chapter 2, the body utilizes muscles 
to apply force to the bones on which they attach to 
cause, control, or prevent movement in the joinis that 
they cross. As is often the case, humans utilize the 
bones, such as those in the hand, to either hold, push, 
or pull on an object while also using a series of bones 
and joints throughout the body to apply force via the 
muscles to affect the position of the object. In doing 
so, the body is using a series of simple machines to 
accomplish the tasks. Machines are used to increase 
or multiply the applied force in performing a task or 
to provide a mechanical advantage. The mechanical 
advantage provided by machines enables the body 
to apply a relatively small force, or effort, to move a 
much greater resistance. It is possible to determine 
mechanical advantage by dividing the load by the 
effort. The mechanical aspect of each componenti 
should be considered in analysis with respecti to the 
components' machinelike function. 

Another way of thinking about machines is that they 
convert smaller amounts of force over a longer dis- 
tance to large amounts of force exerted over a shorter 
distance. This may be turned around so that a larger 
amount of force exerted over a shorter distance converts 
to a smaller amount of force over a greater distance. 

Machines function in four ways: 


1. To balance multiple forces. 


2. To enhance force in an attempt to reduce the total 
force needed to overcome a resistance. 


3. To enhance range of motion and speed of move- 
ment so that resistance may be moved farther or 
faster than the applied force. 


4. To alter the resulting direction of the applied force. 
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Simple machines are the lever, wheel and axle, pul- 
ley, inclined plane, screw, and wedge. The arrange- 
ment of the musculoskeletal system provides three 
types of machines for producing movement: levers, 
wheels and axles, and pulleys. Each of these involves 
a balancing of rotational forces around an axis. The 
lever is the most common form of simple machine 
found in the human body. 


Levers 


While most people might not think of the body as a 
machine in a literal sense, human movement is pos- 
sible through the organized use of a system of levers. 
The bodys anatomical levers cannot be changed, 
but when the system is properly understood, they 
can be used more efficienily to maximize muscular 
efforts. 

A lever is defined as a rigid bar that turns around 
an axis of rotation, or fulcrum. The axis is the point 
of rotation around which the lever moves. 

The lever rotates around the axis as a result of the 
force (sometimes referred to as effort, or E) applied 
to it to cause its movement against a resistance or 
weight. In the body, the bones represent the lever 
bars, the joinis are the axes, and the muscles contract 
to apply the force. The amount of resistance can vary 
from maximal to minimal. In fact, the bones them- 
selves or the weight of the body segment may be the 
only resistance applied. All lever systems have each 
of these three components in one of three possible 
arrangements. 

The arrangement of these three components in re- 
lation to one another determines the type of lever and 
the application for which it is best suited. Each com- 
ponent represents a location, or point. These points 
are the axis, the point of force application (usually 
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FIGURE 3.1 The basic components of a lever 
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(a) First-class lever 
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(c) Third-class lever 


FIGURE 3.2 The three classes of levers 
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the muscle insertion), and the point of resistance ap- 
plication (sometimes the center of gravity of the lever 
and sometimes the location of an external resistance). 
When the axis (A) is placed between the force (F) 
and the resistance (R), a first-class lever is produced 
(figure 3.1). In second-class levers, the resistance is 
between the axis and the force. If the force is placed 
between the axis and the resistance, a third-class lever 
is created (figure 3.2). Table 3.1 provides a summary 
of the three classes of levers and the characteristics 
of each. 


Resistance 
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TABLE 3.1 Classification of Levers and Characteristics of Each 
Functional Relationship Practical 
Class Illustration Arrangement Arm movement design to axis example Human example 
E e NI e a e a 
| | Axis between and force arm aul da 
j head on cervical 
4 "force and move in 0oppo- i 
: ARCA e al spine 
i E A i resistance site directions 
Speed and Axis near Scissors Triceps brachii 
range of force in extending the 
motion elbow 
Force motion Axis near Crowbar 
resistance 
R E | Force motion Axis near Wheel- Gastrocnemius 
A sasi Resistance arm (large resistance resistance barrow, and soleus in 
2nd Resistance and force arm can be moved nutcracker  plantar flexing 
between axis move in the i the foot to raise 
directi with relatively 
and force same direction small force) the body on the 
toes 
E: R Speed and Axis near Shoveling Biceps brachii 
A | A-F-R Resistancearm range of motion force dirt, and brachialis in 
ard 1 Force between and force arm (requires large catapult flexing the elbow 
axis and move in the force to move a 
resistance same direction relatively small 


resistance) 


The mechanical advantage of levers may be deter- 
mined using the following equations: 


resistance 


Mechanical advantage = 
force 


(0) 8 


length of force arm 
length of resistance arm 


Mechanical advantage = 


FIRSTI-CLASS LEVERS 


Typical examples of a first-class lever are the crowbar, 
the seesaw, pliers, oars, and the triceps in overhead 
elbow extension. An example of this type of lever at 
work in the body is seen when the triceps is apply- 
ing the force to the olecranon (F) in extending the 
nonsupported forearm (R) at the elbow (4). Other 
examples may be seen in the body when the ago- 
nist and antagonist muscle groups on either side of 
a joint axis are contracting simultaneously, with the 
agonist producing force and the antagonist supply- 
ing the resistance. A first-class lever is designed basi- 
cally to produce balanced movements when the axis 


is midway between the force and the resistance (e.g., 
a seesaw). When the axis is close to the force, the 
lever produces speed and range of motion (e.g., the 
triceps in elbow extension). When the axis is close to 
the resistance, the lever produces force motion (e.g., 
a crowbar). 

In applying the principle of levers to the body, it 
is important to remember that the force is applied 
where the muscle inserts in the bone, not in the belly 
of the muscle. For example, in elbow extension with 
the shoulder fully flexed and the arm beside the ear, 
the triceps applies the force to the olecranon of the 
ulna behind the axis of the elbow joint. As the applied 
force exceeds the amount of forearm resistance, the 
elbow extends. 

The type of lever may be changed for a given joint 
and muscle, depending on whether the body segment 
is in contact with a surface, such as a floor or wall. 
For example, as previously mentioned, the triceps in 
elbow extension is a first-class lever with the hand 
free in space where the arm is pushed away from the 
body. By placing the hand in contact with the floor, as 
in performing a push-up to push the body away from 
the floor, the same muscle action at this joint now 


changes the lever to second class, because the axis is 
at the hand and the resistance is the body weight at 
the elbow joint. 


SECOND-CLASS LEVERS 


A second-class lever is designed to produce force 
movements, since a large resistance can be moved 
by a relatively small force. Examples of second-class 
levers include a bottle opener, wheelbarrow, and nut- 
cracker. In addition to the previous example of the 
triceps extending the elbow in a push-up, a similar 
example of a second-class lever is plantar flexion of 
the ankle to raise the body up on the toes. The ball (4) 
of the foot serves as the axis of rotation as the ankle 
plantar flexors apply force to the calcaneus (£) to Lift 
the resistance of the body at the tibiofibular articula- 
tion (R) with the talus. Opening the mouth against re- 
sistance provides another example of a second-class 
lever. There are relatively few other occurrences of 
second-class levers in the body. 


THIRD-CLASS LEVERS 


Third-class levers, with force applied between the 
axis and the resistance, are designed to produce speed 
and range-of-motion movements. Most of the levers 
in the human body are of this type and require a 
great deal of force to move even a small resistance. 
Examples include a catapult, a screen door operated 
by a short spring, and the application of a lifting 
force to a shovel handle with the lower hand while 
the upper hand on the shovel handle serves as the 
axis of rotation. The biceps brachii is a typical ex- 
ample in the body. Using the elbow joint (A) as the 
axis, the biceps brachii applies force at its insertion 
on the radial tuberosity (£) to rotatie the forearm up, 
with its center of gravity (R) serving as the point of 
resistance application. 

The brachialis is an example of true third-class le- 
verage. It pulls on the ulna just below the elbow, and 
since the ulna cannot rotate, the pull is direct and 
true. The biceps brachii, in contrast, supinates the 
forearm as it flexes, so the third-class leverage applies 
to flexion only. 

Other examples include the hamstrings contract- 
ing to flex the leg at the knee while in a standing posi- 
tion and the iliopsoas when it is used to flex the thigh 
at the hip. 


Factors in the Use of Anatomical 
Levers 
The bodys anatomical leverage system can be used to 


gain a mechanical advantage that will improve simple 
or complex physical movements. Some individuals 
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unconsciously develop habits of using human levers 
properly, but frequently this is not the case. 

To understand the leverage system, therapists must 
be familiar with the concept of torque. Torque, or 
moment of force, is the turning effect of an eccen- 
tric force. Eccentric force is a force that is applied 
in a direction not in line with the center of rotation of 
an object with a fixed axis. In objects without a fixed 
axis, it is an applied force that is not in line with the 
object's center of gravity. For rotation to occur, an ec- 
centric force must be applied. In the human body, the 
contracting muscle applies an eccentric force (not to 
be confused with eccentric contraction) to the bone 
on which it attaches and causes the bone to rotate 
around an axis at the joint. The amount of torque can 
be determined by multiplying the amount of force 
(force magnitude) by the force arm. An example is 
pushing on a door to open ii. Force generated by the 
push causes the door to open, with the hinges rotat- 
ing on an axis (pivot point). How much force the 
push must have to open the door depends on many 
things, such as how close the arm is to the hinges. 
The closer the push is to the hinges, the more difficult 
it becomes to open the door. The perpendicular dis- 
tance between the location of force application and 
the axis is known as the force arm, moment arm, or 
torque arm. 'The force arm may be best defined as the 
shortest distance from the axis of rotation to the line 
of action of the force. The greater the distance of the 
force arm, the more torque produced by the force. A 
frequent practical application of torque and levers oc- 
curs when a person purposely increases the force-arm 
length in order to increase the torque so that she can 
more easily move a relatively large resistance. This is 
commonly referred to as increasing leverage. 


TORQUE AND LENGTH OF LEVER ARMS 


It is also important to note the resistance arm, which 
may be defined as the distance between the axis and 
the point of resistance application. In discussing the 
application of levers, it is necessary to study the length 
relationship between the two lever arms. There is an 
inverse relationship between force and the force arm, 
just as there is between resistance and the resistance 
arm. The longer the force arm, the less force required 
to move the lever if the resistance and resistance arm 
remain constant, as shown graphically in figure 3.3. 
In addition, if the force and force arm remain con- 
stani, a greater resistance may be moved by shorten- 
ing the resistance arm. 

There also is a proportional relationship between 
the force components and the resistance compo- 
nents. That is, for movement to occur when either of 
the resistance components increases, there must be 
an increase in one or both of the force components. 
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Relationship among Force, Force Arm, and Resistance 
Arm with Constant Resistance of 20 kilograms 


20 

19 E Resistance arm 
Ei —0 Force 

16 A Force arm 


FA & RA in meters 
S 


O=PUWBUONOoO 


[9) ] 2 3 4 5 6 
Force in newtons 


FIGURE 3.3  Relationships among forces 


See figure 3.2, which shows how these components 
relate to first-, second-, and, third-class levers. 

Even slight variations in the location of the force and 
the resistance are important in determining the me- 
chanical advantage and the effective force of the muscle. 
This point is illustrated through a simple formula, using 
the biceps brachii muscle in each example, as shown in 
figure 3.4. 

In example A, only surgery can move the insertion 
of the biceps brachii, so this is not practical. In some 
orthopedic conditions, the attachments of tendons 
are surgically relocated in an attempt to change the 
dynamic forces of the muscles on the joints. In ex- 
ample B, a person can and often does shorten the re- 
sistance arm to enhance his ability to move an object. 
When attempting to lift a maximal weight in a biceps 
curl exercise, the person may flex his wrist to move 
the weight just a little closer, thereby shortening the 
resistance arm. Example C is straightforward in that 
a person can obviously reduce the force needed by 
reducing the resistance. 

The human bodys system of leverage is built for 
speed and range of movement at the expense of force. 
Short-force arms and long-resistance arms require 
great muscular strength to produce movement. In the 
forearm, the attachments of the biceps and triceps 
muscles clearly illustrate this point, since the force 
arm of the biceps is 1 to 2 inches and the force arm 
of the triceps less than 1 inch. Many similar examples 
are found all over the body. From a practical point of 
view, this means that the muscular system should be 
strong to supply the necessary force for body move- 
ments, especially in strenuous sports activities. 

When people speak of human leverage in relation 
to athletic skills, they are generally referring to several 


Lever equation for a child performing biceps curls 


Lever equation 


F x FA R x RA 
(Force) x (Force (Resistance) x  (Resistance 
arm) arm) 


Initial Example 
Fx 0.1 45 newtons x 0.25 meter 
Fx 0.1 11.25 newton-meters 
F 112.5 newtons 


Example A - Lengthening the force arm 


Increase FA by moving the insertion distally 0.05 meter: 


Fx 0.15 45 newtons x 0.25 meter 
Fx 0.15 11.25 newton-meters 
F 75 newtons 


An increase in the insertion from the axis by 0.05 meter 
results in a substantial reduction in the force necessary 
to move the resistance. 


Example B - Shortening the resistance arm 


Reduce RA by moving the point of resistance 
application proximally by 0.05 meter: 


Fx 0.1 45 newtons x 0.2 meter 
Fx 0.1 9 newton-meters 
F 90 newtons 


A decrease in the resistance application from the axis 
by 0.05 meter results in a considerable reduction in 
the force necessary to move the resistance. 


Example C - Reducing the resistance 


Reduce R by reducing the resistance 1 newton: 


Fx 0.1 44 newtons x 0.25 meter 
Fx 0.1 11 newton-meters 
F 110 newtons 


Decreasing the amount of resistance can decrease the 
amount of force needed to move the lever. 


FIGURE 3.4  Torque calculations with examples of modifications 
in force arms 


levers. For example, in throwing a ball, there are le- 
vers at the shoulder, elbow, and wrist joints, as well 
as from the ground up through the lower extremities 
and the trunk. In fact, it can be said that there is one 
long lever from the feet to the hands. 

The longer the lever, the more effective it is in im- 
parting velocity. A tennis player can hit a tennis ball 
harder (deliver more force to it) with a straight-arm 
drive than with a bent-elbow drive because the lever 
(including the racket) is longer and moves at a faster 
speed. 

Figure 3.5 indicates that a longer lever (Z,) travels 
faster than a shorter lever ($,) in traveling the same 
number of degrees. In sports activities in which it is 


FIGURE 3.5  Lengih of levers 


possible to increase the length of a lever with a racket 
or bat, the same principle applies. 

In baseball, hockey, golf, field hockey, and other 
sports, long levers similarly produce more linear 
force and thus better performance. However, to fully 
execute the movement in as short a time as possible, 
it is sometimes desirable to have a short lever arm. 
For example, a baseball catcher attempting to throw 
a runner out at second base does not have to throw 
the ball so that it travels as fast as it may when the 
pitcher is attempting to throw a strike. In the catcher's 
case, it is more important to initiate and complete 
the throw as soon as possible rather than to deliver 
as much velocity to the ball as possible. The pitcher, 
when attempting to throw a ball at 90-plus miles per 
hour, will utilize his body as a much longer lever sys- 
tem throughout a greater range of motion to impart 
velocity to the ball. 


WHEELS AND AXLES 


Wheels and axles are used primarily to enhance 
range of motion and speed of movement in the 
musculoskeletal system. A wheel and an axle es- 
sentially function as a form of lever. When either 
the wheel or the axle turns, the other must turn as 
well. Both complete one turn at the same time. The 
center of the wheel and the axle both correspond to 
the fulcrum. Both the radius of the wheel and the 
radius of the axle correspond to the force arms. If 
the radius of the wheel is greater than the radius 
of the axle, then, due to the longer force arm, the 
wheel has a mechanical advantage over the axle. 
That is, a relatively smaller force may be applied 
to the wheel to move a relatively greater resistance 
applied to the axle. Very simply, if the radius of the 
wheel is five times the radius of the axle, the wheel 
has a 5-to-l mechanical advantage over the axle, as 
shown in figure 3.6. The mechanical advantage of a 
wheel and axle for this scenario may be calculated 
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Da 7 
| ] 5" Wheel radius ] 5" Wheel radius 
y | 1" Axle radius | 1" Axle radius 
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Turning the wheel provides 
the force motion advantage 
of being able to apply a 
relatively small force to 
move a larger resistance. 


Turning the axle provides 
a speed and range of 
motion advantage of being 
able to move the outside of 
the wheel a great distance 
at the speed the axle turns. 


Force arm = 1 

Resistance arm = 5 
Mechanical advantage = 0.20 
Lever class = 3rd 


(a) (b) 
FIGURE 3.6 Wheel and axle 


Force arm = 5 

Resistance arm = 1 
Mechanical advantage = 5 
Lever class = 2nd 


by dividing the radius of the wheel by that of the 
axle: 


radius of wheel 
radius of axle 


Mechanical advantage = 


In this case, the mechanical advantage is always 
more than 1. An application of this example is using 
the outer portion of an automobile steering wheel 
to turn the steering mechanism. Before the develop- 
ment of power steering, steering wheels had a much 
larger diameter than they do today in order to enable 
the driver to have more of a mechanical advantage. 
An example of applying force to a wheel in the body 
occurs when one person attempts to manually force 
another person's shoulder into internal rotation while 
the latter person holds it in external rotation isomet- 
rically. The humerus acts as the axle, and the person 
applies the force to the humerus with the hand and 
wrist located near the outside of the wheel. To help 
create a better lever, the elbow, or axle, is flexed ap- 
proximately 90 degrees. If the person applying the 
force at the midforearm unsuccessfully breaks the 
opposite force of the contraction of the external rota- 
tors by pushing internally, he can increase leverage, 
or mechanical advantage, by applying force nearer to 
the hand and wrist. Doing so, he has a better chance 
of overcoming the resistanit force. 

If the application of force is reversed so that it is 
applied to the axle, the mechanical advantage results 
from the wheels turning a greater distance and speed. 
Using the same example, if the wheel radius is five 
times greater than the radius of the axle, the outside 
of the wheel will turn at a speed five times that of 
the axle. Additionally, the distance that the outside of 
the wheel turns will be five times the distance that the 
outside of the axle turns. The mechanical advantage 
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of a wheel and axle for this scenario may be calculated 
by dividing the radius of the axle by the radius of the 
wheel: 


radius of the axle 
radius of the wheel 


Mechanical advantage = 


In this case, the mechanical advantage is always 
less than 1. This is the principle utilized in the drive 
train of an automobile to turn the axle, which sub- 
sequenily turns the tire around one revolution for 
every turn of the axle. Humans use the powerful 
engine of the automobile to supply the force to in- 
crease the speed of the tire and subsequently carry 
them great distances. An example of the muscles ap- 
plying force to the axle to result in greater range of 
motion and speed may again be seen in the upper 
extremity, in the case of the internal rotators attach- 
ing to the humerus. With the humerus acting as the 
axle and the hand and wrist located at the outside of 
the wheel (when the elbow is flexed approximately 
90 degrees), the internal rotators apply force to the 
humerus. With the internal rotators concentrically 
internally rotating the humerus a relatively small 
amount, the hand and wrist travel a great distance. 
Using the wheel and axle in this manner allows a 
person to significantly increase the speed at which 
she can throw objects. 


PULLEYS 


Single pulleys have a fixed axle and function to change 
the effective direction of force application. Single pul- 
leys have a mechanical advantage of 1, as shown in 
figure 3.7. Numerous weight machines utilize pulleys 
to alter the direction of the resistive force. Pulleys 
may be movable and be combined to form compound 
pulleys to further increase the mechanical advantage. 
Every additional rope connecting to movable pulleys 
increases the mechanical advantage by 1, as shown 
in figure 3.8. 


FIGURE 3.7 Single pulley 


FIGURE 3.8  Compound pulley 


Peroneus longus 
muscle 


FIGURE 3.9 Force of pulley 


In the human body, an excellent example is pro- 
vided by the lateral malleolus, which acts as a pulley 
around which the tendon of the peroneus longus runs. 
As the peroneus longus muscle contracts, it pulls to- 
ward its belly, which is toward the knee. Due to its 
use of the lateral malleolus as a pulley (figure 3.9), 
the force is transmiited to the plantar aspect of the 
foot; this results in downward and outward move- 
ment of the foot. Other examples in the human body 
include pulleys on the volar aspect of the phalanges 
to redirect the force of the flexor tendons and pulleys 
on the patellofemoral joint to redirect the force of the 
quadriceps. 


Laws of Motion and Physical 
Activities 


Motion is fundamental in physical education and 
sports activity. Body motion is generally produced, 
or at least started, by some action of the muscular 
system. Motion cannot occur without a force, and the 


muscular system is the source of force in the human 
body. Thus, development of the muscular system is 
indispensable to movement. 

Basically, there are two types of motion: linear 
motion and angular motion. Linear motion, also re- 
ferred to as translatory motion, is motion along a line. 
If the motion is along a straight line, it is rectilinear 
motion, whereas motion along a curved line is known 
as curvilinear motion. Angular motion, also known as 
rotary motion, involves rotation around an axis. In the 
human body, the axis of rotation is provided by the 
various joints. In a sense, these two types of motion 
are related, since angular motion of the joints can 
produce the linear motion of walking. For example, 
in many sports activities, the cumulative angular mo- 
tion of the joinits of the body imparts linear motion to 
a thrown object (ball, shot) or to an object struck with 
an instrument (bat, racket). 

Displacement is a change in the position or loca- 
tion of an object from its original point of reference, 
whereas distance, or the path of movement, is the 
actual sum length of measurement traveled. A vec- 
tor quantity such as displacement is direction-aware, 
meaning that when an object changes direction of 
motion, displacement takes this change into consider- 
ation. An object going in an opposite direction effec- 
tively begins to cancel whatever displacement there 
once was. If a high school cross-country runner be- 
gins at the school, runs 10 miles, and then stops and 
runs back to the school, the displacement would be 
zero. Because he went the 10 miles and then reversed 
his direction, the original displacement was canceled. 
In figure 3.10, if the path of movement is from A to B 
and then B to C, the distance covered is AB + BC, but 
the displacement is the distance from A to C, or AC. 
If each cell is 1 square meter, then AB is 3 meters and 
BC is 3 meters, so the distance covered is 6 meters. 
Using the Pythagorean theorem (in a right triangle, 
the square of the measure of the hypotenuse is equal 
to the sum of the squares of the measures of the legs, 
or a? + b? = c?), the displacement (AC) is determined 
to be 2.24 meters with AB? + BC? = AC?. 


FIGURE 3.10  Displacement 
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Angular displacement is the change in location of 
a rotating body. Linear displacement is the distance 
that a system moves in a straight line. 

The time it takes for displacement to occur is 
sometimes a concern. Speed is how fast an object is 
moving, or the distance an object travels in a specific 
amount of time. Velocity includes the direction and 
describes the rate of displacemeni. 

A brief review of Newtons laws of motion will in- 
dicate the many applications of these laws to physi- 
cal activities and sports. Newton' laws explain all the 
characteristics of motion, and they are fundamental 
to understanding human movement. 


LAW OF INERTIA 


According to the law of inertia, a body in motion tends 
to remain in motion at the same speed în a straight line 
unless acted on by a force; a body at rest tends to re- 
main at rest unless acted on by a force. 

Inertia may be described as the resistance to ac- 
tion or change. In terms of human movement, inertia 
is resistance to acceleration or deceleration. Inertia 
is the tendency for the current state of motion to be 
maintained, regardless of whether the body segment 
is moving at a particular velocity or is motionless. 

Muscles produce the force necessary to stari mo- 
tion, stop motion, accelerate motion, decelerate mo- 
tion, or change the direction of motion. Put another 
way, inertia is the reluctance to change status; only 
force can do that. The greater the mass of an ob- 
ject, the greater its inertia. Therefore, the greater the 
mass, the more force needed to significantly change 
an objects inertia. Numerous examples of this law are 
found in physical education activities. A sprinter in 
the starting blocks must apply considerable force to 
overcome resting inertia. A runner on an indoor track 
must apply considerable force to overcome moving 
inertia and stop before hitting the wall. Figure 3.11 


îi 


FIGURE 3.11 


Skier on mountain 
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provides an example of how a skier in motion re- 
mains in motion even though airborne after skiing 
off a hill. Balls and other objects that are thrown or 
struck require force to stop them. Starting, stopping, 
and changing direction—a part of many physical 
activities—provide many other examples of the law of 
inertia applied to body motion. 

Since force is required to change inertia, it is obvi- 
ous that any activity that is carried out at a steady 
pace in a consistent direction will conserve energy and 
that any irregularly paced or directed activity will be 
very costly to energy reserves. This explains, in part, 
why activities such as handball and basketball are so 
much more fatiguing than jogging or dancing. 


LAW OF ACCELERATION 


The law of acceleration is as follows: A change în 
the acceleration of a body occurs în the same direction 
as the force that caused it. The change in acceleration 
is directly proportional to the force causing it and în- 
versely proportional to the mass of the body. 

Acceleration may be defined as the rate of change 
in velocity. To attain speed in moving the body, a 
strong muscular force is generally necessary. Mass, 
the amount of matter in a body, affects the speed and 
acceleration in physical movements. A much greater 
force is required from the muscles to accelerate an 
80-kilogram man than to accelerate a 58-kilogram 
man to the same running speed. Also, it is possible 
to accelerate a baseball faster than a shot because of 
the difference in weight. The force required to run at 
half speed is less than the force required to run at 
top speed. To impart speed to a ball or an object, it is 
necessary to rapidly accelerate the pari of the body 
holding the object. Football, basketball, track, and 
field hockey are a few sports that demand speed and 
acceleration. 


LAW OF REACTION 


The law of reaction states that for every action there 
is an opposite and equal reaction. 

As a person places force on a supporting surface 
by walking over it, the surface provides an equal re- 
sistance back in the opposite direction to the soles 
of the feet. The feet push down and back, while the 
surface pushes up and forward. The force of the 
surface reacting to the force placed on it is referred 
to as ground reaction force. A person provides the 
action force, while the surface provides the reac- 
tion force. It is easier to run on a hard track than 
it is on a sandy beach because of the difference in 
the ground reaction forces of the two surfaces. The 
track resists the runner's propulsion force, and the 
reaction drives the runner ahead. The sand dissi- 


FIGURE 3.12 Runner 


pates the runner's force, and the reaction force is 
correspondingly reduced, with the apparent loss in 
forward force and speed (figure 3.12). A sprinter ap- 
plies a force in excess of 1,335 newions on the start- 
ing blocks, which resist with an equal force. When 
a body is in flight, as it is in jumping, movement 
of one part of the body produces a reaction in an- 
other part. This occurs because there is no resistive 
surface to supply a reaction force. 


SHERRINGTON'S LAW 


Sherrington's law is the law of reciprocal innerva- 
tion (discussed in Chapter 2). It essentially states 
that for every neural activation of a muscle, there is 
a corresponding inhibition of the opposing muscle. 
When contraction of the agonist is stimulated, there 
is a simultaneous inhibition of its antagonist. For ex- 
ample, when the biceps brachii contracts, the triceps 
muscle relaxes, allowing the action to occur. This ac- 
tion is essential for coordinated movement; it is dis- 
cussed more in Chapter 4, in the sections on clinical 
flexibility. 


Friction 


Friction is the force thai results from the resistance 
between the surfaces of two objects moving against 
one another. Depending on the activity involved, one 
may desire increased or decreased friction. In run- 
ning, a person depends on friction forces between the 
feet and the ground so that she may exert force against 
the ground and propel herself forward. When friction 
is reduced due to a slick ground or shoe surface, a 
person is more likely to slip. In skating, a person de- 
sires decreased friction so that he may slide across 


the ice with less resistance. Friction may be further 
characterized as either static friction or kinetic fric- 
tion. Static friction is the amount of friction between 
two objects that have not yet begun to move, whereas 
kinetic friction is the friction that occurs between two 
objects sliding against one another. Static friction is 
always greater than kinetic friction. As a result, it is 
always more difficult to initiate dragging an object 
across a surface than it is to continue the movement. 
Static friction may be increased by increasing the 
normal or perpendicular forces pressing the two ob- 
jects together, as in adding more weighi to one object 
sitting on the other object. To determine the amount 
of friction forces, ii is necessary to consider both of 
the forces pressing the two objecis together and the 
coefficient of friction, which depends on the hardness 
and roughness of the surface textures. The coefficient 
of friction is the ratio of the force needed to overcome 
the friction to the force holding the surfaces together. 
Another type of friction, rolling friction, is the resis- 
tance to an object rolling across a surface, such as 
a ball rolling across a court or a tire rolling across 
the ground. Rolling friction is always much less than 
static or kinetic friction. 


Balance, Equilibrium, and Stability 


Balance is the ability to control equilibrium. In 
relation to human movement, the term eguilib- 
rium refers to a state of zero acceleration in which 
there is no change in the speed or direction of the 
body. Equilibrium may be either static or dynamic. 
In static equilibrium, the body is at rest or com- 
pletely motionless. Dynamic equilibrium  occurs 
when all the applied and inertial forces acting on 
the moving body are in balance, resulting in move- 
ment with unchanging speed or direction. For a 
person to control equilibrium and, hence, achieve 
balance, he needs to maximize stability. Srability is 
the resistance to a change in the body's accelera- 
tion, or, more appropriately, it is the resistance to 
a disturbance of the body's equilibrium. Stability 
may be enhanced by determining the body's center 
of gravity and changing it appropriately. The cen- 
ter of gravity is the point at which all of the body's 
mass and weight is equally balanced or equally 
distributed in all directions. 

Balance is important for the resting body, as well 
as for the moving body. Generally, balance is desir- 
able, but there are circumstances in which move- 
ment is improved when the body is unbalanced. 
Balance relates to many activities—not just to ath- 
letics. If a person picks up an object off the ground 
away from the body and the center of gravity, there is 
not enough balance to give stability to the action. The 
result is often injury and pain. These concepts are 
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important to the manual therapist. To work around 
a massage table, the therapist must use information 
about balance for good body mechanics. Realizing 
where the center of gravity is and lowering the body 
to encourage better balance will enhance stability and 
support more momentum and force. If the table is 
too high, the therapist will not be able to utilize body 
weight and balance and will, therefore, be unstable. 
With a high table, the therapist often uses compensa- 
tory actions such as elevating the shoulders to try to 
rectify balance; this could lead to injury over a period 
of time. 

The following general factors apply to enhancing 
equilibrium, maximizing stability, and ultimately 
achieving balance: 


1. A person has balance when the center of gravity 
falls within the base of support. 


2. A person has balance in direct proportion to the 
size of the base. The larger the base of support, 
the more balance. 


3. A person has balance depending on the weight 
(mass). The greater the weight, the more balance. 


4. A person has balance depending on the height 
of the center of gravity. The lower the center of 
gravity, the more balance. 


5. A person has balance depending on where the 
center of gravity is in relation to the base of sup- 
port. The balance is less if the center of gravity is 
near the edge of the base. However, when antici- 
pating an oncoming force, a person can improve 
stability by placing the center of gravity nearer 
to the side of the base of support that is expected 
to receive the force. 


6. In anticipation of an oncoming force, stability 
may be increased by enlarging the size of 
the base of support in the direction of the 
anticipated force. 


7. Equilibrium may be enhanced by increasing the 
friction between the body and the surfaces it 
contacts. 


8. Rotation around an axis aids balance. A moving 
bike is easier to balance than a stationary bike. 


9. Kinesthetic physiologic functions contribute to 
balance. The semicircular canals of the inner ear, 
vision, touch (pressure), and kinesthetic sense all 
provide balance information to the performer. 
Balance and its components of equilibrium and 
stability are essential in all movements. They are 
all affected by the constant force of gravity, as 
well as by inertia. Walking has been described as 
an activity in which a person throws the body in 
and out of balance with each step. In rapid run- 
ning movements in which moving inertia is high, 
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the individual has to lower the center of gravity 
to maintain balance when stopping or changing 
direction. Conversely, in jumping activities, the 
individual attempits to raise the center of gravity 
as high as possible. 

10. The principles of balance, stability, and center of 
gravity can be applied to enhance sports perfor- 
mance, prevent injury in the older population, 
and achieve good body mechanics for the 
manual therapist. 


Force 


Muscles are the main source of force that produces or 
changes the movement of a body segment or the en- 
tire body or of an object thrown, struck, or stopped. 
Strong muscles are able to produce more force than 
weak muscles. This applies to both maximum and 
sustained exertion over a period of time. 

Forces either push or pull on an object in an at- 
tempt to affect motion or shape. Without forces act- 
ing on an object, there is no motion. Force is the 
product of mass times acceleration. The mass of a 
body segment or the entire body times the speed of 
acceleration determines the force. Obviously, in foot- 
ball this is very important. Yet it is just as important 
in other activities that use only a part of the human 
body. When one throws a ball, the force applied to the 
ball is equal to the mass of the arm times the arm's 
speed of acceleration. Also, as previously discussed, 
leverage is importanti. 


Force = mass X acceleration 
F=myxXa 


The quantity of motion or, more scientifically 
stated, the momentum—which is equal to mass times 
velocity—is important in skill activities. The greater 
the momentum, the greater the resistance to change 
in the inertia or state of motion. 

It is not necessary to apply maximum force and 
thus increase the momentum of a ball or an object 
being struck in all situations. In skillful performance, 
regulation of the amount of force is necessary. Judg- 
ment regarding the amount of force required to throw 
a softball a given distance, hit a golf ball 200 yards, or 
hit a tennis ball across the net and into the court is 
important. 

In activities involving movement of various joints, 
as in throwing a ball or putting a shot, there should 
be a summation of forces from the beginning of 
movement in the lower segment of the body to the 
twisting of the trunk and movement at the shoulder, 
elbow, and wrist joints. The speed at which a golf club 
strikes the ball is the result of a summation of forces 
of the lower extremities, trunk, shoulders, arms, and 


wrists. Shot putting and discus and javelin throwing 
are other good examples that demonstrate how the 
summation of forces is essential. 


Mechanical-Loading Basics 


As one utilizes the musculoskeletal system to exert 
force on the body to move and to interact with the 
ground and other objects or people, significant me- 
chanical loads are generated and absorbed by the tis- 
sues of the body. The forces causing these loads may 
be internal or external. Only muscles can actively 
generate internal force, but tension in tendons, con- 
nective tissues, ligaments, and joint capsules may 
generate passive internal forces. External forces are 
produced from outside the body and originate from 
gravity, inertia, or direct contact. All tissues, in vary- 
ing degrees, resist changes in their shape. Obviously, 
tissue deformation may result from external forces, 
but ii must be realized that the body also has the abil- 
ity to generate internal forces large enough to frac- 
ture bones, dislocate joints, and disrupt muscles and 
connective tissues. To prevent injury or damage from 
tissue deformation, it is important to use the body to 
absorb energy from both internal and external forces. 
Along this line, it is to one's advantage to absorb this 
force over larger aspects of the body rather than 
smaller ones and to spread the absorption rate over 
a greater period of time. Additionally, the stronger 
and healthier a person is, the more likely that she is 
able to withstand excessive mechanical loading and 
the resultant excessive tissue deformation. Tension 
(stretching or strain), compression, shear, bending, 
and torsion (twisting) are all forces that act individu- 
ally or in combination to provide mechanical load- 
ing that may result in excessive tissue deformation. 
Figure 3.13 illustrates the mechanical forces that act 
on tissues of the body. 
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FIGURE 3.13 Mechanical forces 
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Functional Application of Throwing 


Many applications of the laws of leverage, motion, 
and balance are found in the performance of vari- 
ous sports and athletic activities. One common skill 
is throwing. The object thrown may be a type of ball, 
but it is frequently an object of another size or shape, 
such as a rock, beanbag, Frisbee, discus, or javelin. 
A brief analysis of some of the basic mechanical 
principles involved in the skill of throwing will help 
demonstrate the importance of understanding the ap- 
plications of these principles. Many activities involve 
these and other mechanical principles. Motion is basic 
to throwing when the angular motion (figure 3.14) of 
the levers (bones) of the body (trunk, shoulder, elbow, 
and wrist) is used to give linear motion to the ball 
when it is released. 

Newton's laws of motion apply in throwing because 
the individuals inertia and the ball's inertia must be 
overcome by the application of force. The bodys 
muscles provide the force to move the body parts 
and the ball held in the hand. The law of acceleration 
(Newton's second law) comes into operation with 
the muscular force necessary to accelerate the arm, 
wrist, and hand. The greater the force (mass times 


FIGURE 3.14  Throwinga ball 
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acceleration) that a person can produce, the faster 
the arm will move and, thus, the greater the speed 
that will be imparted to the ball. The reaction of the 
feet against the surface on which the person stands 
indicates the application of the law of reaction. 

The leverage factor is very important in throwing 
a ball or an object. The longer the lever, the greater 
the speed that can be imparted to the ball. For all 
practical purposes, the body, from the feet to the 
fingers, can be considered one long lever. The lon- 
ger the lever, either from natural body length or 
from the movements of the body io the extended 
backward position (as in throwing a softball, with 
extension of the shoulder and the elbow joints), the 
greater the arc through which it accelerates and 
thus the greater the speed imparted to the thrown 
object. 

In certain circumstances, when the ball is to be 
thrown only a short distance, such as when a baseball 
is thrown by the catcher to the bases, the short lever 
is advantageous because it takes less total time to re- 
lease the ball. 

Balance, or equilibrium, is a factor in throwing 
when the body is rotated to the rear in the beginning 
of the throw. This motion moves the body nearly out 
of balance to the rear, and then balance changes again 
in the body with the forward movement. Balance is 
again established with the follow-through, when the 
feet are spread and the knees and trunk are flexed to 
lower the center of gravity. 


The preceding discussion has been a brief overview 
of some of the factors affecting motion. Analysis of 
human motion in light of the laws of physics poses a 
problem: How comprehensive is the analysis to be? 
It can become very complex, particularly when body 
motion is combined with the manipulation of an ob- 
ject in the hand involved in throwing, kicking, strik- 
ing, or catching. 

These factors become involved when an analysis 
is attempted of the activities common to physical 
education programs and athletics—football, base- 
ball, basketball, track and field, mariial arts, and 
swimming, to mention a few. However, to have 
a complete view of which factors control human 
movement, one must have a working knowledge of 
both the physiologic and biomechanical principles 
of kinesiology. 

It is beyond the scope of this book to make a de- 
tailed analysis of other activities. Some sources that 
consider these problems in detail are listed in Appen- 
dix A at the end of the book. 


70 part 1 Introduction to Structural Kinesiology 


Introduction 


vw Human movement is often complex and beautiful. Con- 
sider, for example, a ballerina's pirouette—a movement 
that requires years of training. Yet behind the dancer's 
graceful movements are hundreds of laws, forces, and 
biomechanical principles at work. Motion cannot occur 
unless there is a force behind it; however, motion in- 
cludes many levers, torque, and pulleys that all exist as 
force is applied. Studying movement requires analyzing 
all of these elemenis. 


v/ The study of mechanics as it relates to the functional 
and anatomical analysis of biological systems is known 
as biomechanics. 


vw Mechanics, the study of physical actions of forces, can 
pe subdivided into statics and dynamics. Statics involves 
the study of systems that are in a constant state of mo- 
tion, whether at rest with no motion or moving at a con- 
stant velocity without acceleration. Dynamics involves 
the study of systems in motion with acceleration. 


Types of Machines Found in the Body 

v/ As discussed in Chapter 2, the body utilizes muscles 
to apply force to the bones on which they attach to 
cause, control, or prevent movement in the joints that 
they cross. As is often the case, humans utilize the 
bones, such as those in the hand, to either hold, push, 
or pull on an object while also using a series of bones 
and joints throughout the body to apply force via the 
muscles to affect the position of the object. In doing 
so, the body is using a series of simple machines to 
accomplish the tasks. 


Levers 

vw Human movement occurs through the organized use of 
a system of levers. The anatomical levers of the body 
cannot be changed, but when the system is properly 
understood, it can be used more efficiently to maximize 
the muscular efforts of the body. 


w The lever rotates around the axis as a result of the force 
(sometimes referred to as effort, or E) applied to it to 
cause its movement against a resistance or weight. In the 
body, the bones represent the lever bars, the joints are 
the axes, and the muscles contract to apply the force. 


Factors in the Use of Anatomical Levers 

w The bodys anatomical leverage system can be used to 
gain a mechanical advantage that will improve simple 
or complex physical movements. Some individuals un- 
consciously develop habits of using human levers prop- 
erly, but frequently this is not the case. 


w Torque, or moment of force, is the turning effect of an 
eccentric force. Eccentric force is a force that is applied 
in a direction not in line with the center of rotation of an 
object with a fixed axis. In objects without a fixed axis, 


it is an applied force that is not in line with the objects 
center of gravity. 


w The perpendicular distance between the location of 
force application and the axis is known as the force 
arm, moment arm, or torque arm. The resistance arm 
is the distance between the axis and the point of resis- 
tance application. 


Laws of Motion and Physical Activities 

vw Motion is fundamental in physical education and sports 
activity. Body motion is generally produced, or at least 
started, by some action of the muscular system. Motion 
cannot occur without a force, and the muscular system 
is the source of force in the human body. 


v There are two types of motion: linear motion and angu- 
lar motion. Linear motion, or translatory motion, is mo- 
tion along a line. If the motion is along a straight line, it is 
rectilinear motion, whereas motion along a curved line 
is curvilinear motion. Angular motion, or rotary motion, 
involves rotation around an axis. 


v Displacement is a change in the position or location of 
an object from its original point of reference, whereas 
distance, or the path of movement, is the actual sum 
length of measurement traveled. 


vw Speed is how fast an object is moving or the distance 
an object travels in a specific amount of time. Velocity 
includes the direction and describes the rate of dis- 
placement. 


vw Newton's laws explain all the characteristics of motion, 
and they are fundamental to understanding human 
movement. 


vw Law of inertia: A body in motion tenas to remain in mo- 
tion at the same speed in a straight line unless acted 
on by a force; a body at rest tenas to remain at rest un- 
less acted on by a force. Inertia may be described as 
the resistance to action or change. In terms of human 
movement, inertia is resistance to acceleration or de- 
celeration. Inertia is the tendency for the current state 
of motion to be maintained, regardless of whether the 
body segment is moving at a particular velocity or is 
motionless. 


vw Law of acceleration: A change in the acceleration of 
a body occurs in the same direction as the force that 
caused it. The change in acceleration is directly propor- 
tional to the force causing it and inversely proportional 
to the mass of the body. Acceleration may be defined 
as the rate of change in velocity. To attain speed in mov- 
ing the body, a strong muscular force is generally nec- 
essary. Mass, the amount of matter in a body, affects the 
speed and acceleration in physical movements. 

vw Law of reaction: For every action there is an opposite 
and equal reaction. As a person places force on a sup- 
porting surface by walking over it, the surface provides 
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an equal resistance back in the opposite direction to the 
soles of the feet. The feet push down and back, while 
the surface pushes up and forward. The force of the 
surface reacting to the force placed on it is referred to 
as ground reaction force. A person provides the action 
force, while the surface provides the reaction force. 


Sherrington's law is the law of reciprocal innervation (dis- 
cussed in Chapter 2). When contraction of a muscle is 
stimulated, there is a simultaneous inhibition of its antag- 
onist. For example, when the biceps brachii contracts, 
the triceps muscle relaxes, allowing the action to occur. 


ction 

Friction is the force that results from the resistance be- 
iween the surfaces of two objects moving against one 
another. Depending on the activity involved, one may 
desire increased or decreased friction. In running, a 
person depends on friction forces between the feet 
and the ground so that he may exert force against the 
ground and propel himself forward. When friction is re- 
duced due to a slick ground or shoe surface, a person 
is more likely to slip. In skating, a person desires de- 
creased friction so that she may slide across the ice 
with less resistance. Friction may be further character- 
ized as either static friction or kinetic friction. 


Balance, Equilibrium, and Stability 


V 


Balance is the ability to control equilibrium. In relation 
to human movement, equilibrium is a state of zero ac- 
celeration in which there is no change in the speed or 
direction of the body. Equilibrium may be either static or 
dynamic. If the body is at rest or completely motionless, 
it is in static equilibrium. Dynamic equilibrium occurs 


True or False 


Write true or false after each statement. 


1 


2, 


„ Sherrington's law involves the agonist and 


antagonist of a joint. 


Inertia is defined as high-velocity movement in a 
given plane. 


„ Newton's laws explain all the characteristics 


of motion, but they are not fundamental in 
understanding human movement. 


„ Acceleration may be defined as the rate of 


change of velocity. 


„ Sports that involve throwing objects are good 


examples of the laws of leverage, motion, and 
balance. 
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when all the applied and inertial forces acting on the 
moving body are in balance, resulting in movement with 
unchanging speed or direction. 


Force 


V 


Muscles are the main source of force that produces or 
changes the movement of a body segment or the entire 
body or of an object thrown, struck, or stopped. Strong 
muscles are able to produce more force than weak 
muscles. This applies to both maximum and sustained 
exertion over a period of time. 


Mechanical-Loading Basics 


V 


As one utilizes the musculoskeletal system to exert force 
on the body to move and to interact with the ground 
and other objects or people, significant mechanical 
loads are generated and absorbed by the tissues of the 
body. The forces causing these loads may be internal 
or external. Only muscles can actively generate internal 
force, but tension in tendons, connective tissues, liga- 
ments, and joint capsules may generate passive inter- 
nal forces. 


Functional Application of Throwing 


V 


ile 


ile 


Many applications of the laws of leverage, motion, and 
balance are found in the performance of various sports 
and athletic activities. One common skill is throwing. The 
object thrown may be a type of ball, but it is fregquentiy 
an object of another size or shape, such as a rock, 
beanbag, Frisbee, discus, or javelin. A brief analysis of 
some of the basic mechanical principles involved in the 
skill of throwing will help demonstrate the importance of 
understanding the applications of these principles. 


. The human body can be defined as a machine 


because it has the capacity to convert smaller 
amounts of force over a longer distance. 


„A lever can operate without a fulcrum or force. 
„A good example of a first-class lever is a seesaw. 
„ Kinetic friction is defined as the friction occurring 


between two objects that have not yet begun to 
move. 


„ A short lever can be advantageous in certain 


athletic circumstances. 

To understand the leverage system, therapists 
must be familiar with the concept of torque. 

A good example of a pulley in the human body is 
the lateral malleolus, which serves as a pulley for 
the peroneus longus tendon. 
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Short Answers 7. If a baseball player hit a triple and ran 
around the bases to third base, what was his 


| i ; displacement if the distance between each base 
1. Describe a practical example of Newton's law of a o 0 ae 


inertia. 


Write your answers on the lines provided. 


/ , Ș 8. What is a good example of a pulley in the human 
2. Anatomical levers can improve physical body? 


performance. Explain how this occurs, using 
the information you have learned in relation to 


throwing. 


9. If a pulley setup has four supporting ropes, 
what is the mechanical advantage of the 
setup? 


3. What term means the measurement of how 
much force it takes to cause an object to 


rotate? 


10. Identify a practical example of Newton's law of 
reaction. 


4. Identity a practical example of Newton's law of 
acceleration. Explain how the example illustrates 
the law, 


Multiple Choice 


Circle the correct answers. 


5. What equation is used to determine the 
mechanical advantage of levers? 1. The law of reaction states: 


a. that a change in acceleration occurs 


b. that for every action there is an opposite and 
equal reaction 

c. that for every action the change of 
acceleration is directly proportional to the 


6. What is the amount of force needed to lift an force causing it 
object in a pulley system if the weight of the d. none of the above 
object is 200 kilograms and the number of 2. Stability in the body may be enhanced by deter- 


supporting ropes is four? mining the bodys: 


a. core strengih limits 


. lean muscle mass 


b 
c. mean strength 
d 


„ center of gravity 


= 


. Displacement refers to: 


a. a change in the position or location of an 
object from its original point 


b. the actual sum length of measurement 
traveled 


c. bothaandb 
d. none of the above 


. The system of leverage in the human body is 


designed for: 

a. force 

b. mechanical disadvantage 

c. friction 

d. speed and range of movement at the expense 
of force 


„ Examples of levers include: 


a. wheels 

b. pulleys 

c. pliers 

d. all of the above 


„ Single pulleys have a mechanical advantage of: 


a. 3 


b. 4 
e, 2 
d. 1 


„ Select a sporting activity and explain how the 
presence of too much friction becomes a prob- 
lem in the activity. 


„ Select a sporting activity and explain how the 


presence of too little friction becomes a problem 
in the activity. 


„ Using the mechanical-loading basic forces of 


compression, torsion, and shear, describe each 


force by giving examples from soccer or volleyball. 


. Explain the mechanical analysis of all the skills 


involved in each of the following: 


a. Basketball g. Golf 

b. Baseball h. Gymnastics 
c. Dancing 1 Soccer 

d. Diving j. Swimming 
e. Football k. Tennis 

f. Field hockey l. Wrestling 
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7. Momentum is equal to: 
a. friction times force 
b. displacement times distance 
c. mass times velocity 
d. none of the above 
8. Kinetics is defined as the: 
a. description of motion that includes time, 
displacement, and velocity 
b. study of forces associated with the motion of 
a body 
c. study of gravity on a body 
d. study of athletic performance 
9. The amount of torque can be determined by 
multiplying: 
a. the amount of force by the force arm 
b. the amount of force magnitude by the force arm 
c. bothaandb 
d. the amount of velocity by the force arm 
10. In essence, the human body is made up ofa 
complex system of: 
a. mechanical forces 
b. lever arms 
c. levers 
d. machines 


5. Choose five or more of the following factors in 
motion and write a one-page report on how they 
are related to human movement: 


a. Balance m. Spin 

b. Force n. Rebound angle 

c. Gravity o. Momentum 

d. Motion p. Center of gravity 

e. Torque q. Equilibrium 

f. Leverage r. Stability 

g. Projectiles s. Base of support 

h. Friction t. Inertia 

i. Buoyancy u. Linear displacement 
j. Aerodynamics v. Angular displacement 
k. Hydrodynamics  w. Speed 

|. Restitution x. Velocity 
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6. Lever component identification chart: List two 
levers for each class other than those illustrated 
in this chapter. Identify the force, axis, and resis- 
tance for each. Also explain the advantage of using 
each lever in terms of whether it is used to achieve 
balance, force motion, speed, or range of motion. 


Lever class Example Force Axis Resistance 


1st 


Advantage provided 


1st 


2nd 


2nd 


3rd 


3rd 


7. Laws-of-motion task comparison chart: Assume 
that you possess the skill, strength, and so on, 
to be able to perform each of the paired tasks 
below. For each pair, circle the task that would 
be easiest to accomplish on the basis of Newiton's 
laws of motion, and explain why. 


Paired tasks Explanation 


a. : Throw a baseball 60 mph OR Throw a shot put 60 mph. 


b. : Kick a bowling ball 40 yards OR Kick a soccer ball 
40 yards. 


C. : Bat a whiffle ball over a 320-yard fence OR Bat a baseball 
:0vera 320-yard fence. 


d. : Catch a shotput that was thrown 60 mph OR Catch a 
: softball that was thrown 60 mph. 


e. : Tackle a 240-pound running back sprinting toward you 
: full speed OR Tackle a 200-pound running back sprinting 
: toward you full speed. 


f. : Run a 40-yard dash in 4.5 seconds on a wei field OR Run 
:a 40-yard dash in 4.5 seconds on a dry field. 
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The Shoulder Girdle—Dynamic 
Stability for the Shoulder Joint 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


4-1 Define key terms. 


4-2 Identify on the skeleton all bony landmarks of 
the shoulder girdle. 


4-3 Label on a skeletal chart all bony landmarks 
of the shoulder girdle. 


4-4 Draw on a skeletal chart the muscles of the 
shoulder girdle and indicate shoulder girdle 
movements using arrows. 


4-5  Demonstrate all the movements of the 
shoulder girdle using a partner. 


4-6 Palpate the bony landmarks of the shoulder 
girdle on a partner. 


Acromioclavicular Clinical flexibility 

Active Isolated Clinical Flexibility and 
KEY Stretching (AIS) Therapeutic Exercise 
TERMS Brachial plexus (CFTE) 

Cervical plexus Flexibility 

Clavicle Levator scapulae 


4-7 Give examples of agonists, antagonists, 


stabilizers, and synergists of the shoulder 
girdle muscles. 


4-8 Explore the origins and insertions of shoulder 


girdle muscles on a partner. 


4-9 Discuss the principles of different forms of 


stretching. 


4-10 Practice basic stretching and strengthening 


appropriate for the shoulder girdle. 


Myotatic reflex arc PNF stretching Shoulder girdle 
Nerve compression Rhomboid Sternoclavicular 
Nerve entrapment Scapula Stretching 
Nerve impingements Scapulothoracic Subclavius 
Pectoralis minor Serratus anterior Trapezius 


Introduction 


Although the statement “He carries the weight of 
the world on his shoulders” is best understood 
metaphorically as a means of describing someone 
who assumes an enormous burden or level of re- 
sponsibility, it certainly reflects the understanding 
that the shoulders have a fundamental purpose in 
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the body—to support the spine, neck, and head, as 
well as to provide a place for the upper extremities 
to attach. It is no wonder, then, that the shoulder 
girdle muscles often house chronic tension brought 
on by “the weight of the world.” 

As its name indicates, the shoulder girdle sur- 
rounds the trunk and provides dynamic stability 
for the upper extremity to utilize its ball-and-socket 
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joint. Simple actions such as waving or fastening a 
seat belt would be impossible without the coopera- 
tion of the many shoulder girdle muscles. In addi- 
tion to being the foundation of the shoulder joint, 
the shoulder girdle muscles all act independently to 
facilitate movements such as reaching for a glass or 
turning the wheel of a car. To perform these move- 
ments, the scapula must elevate and move in up- 
ward rotation, assisted by the contractions of the 
trapezius, serratus anterior, levator scapulae, and 
rhomboids. Without scapular movement, the shoul- 
der's dynamic range would be extremely limited. 
The posture of a kyphotic thoracic spine (rounded 
or extreme protraction of the shoulders) is com- 
mon in the general population, as well as in 
massage therapists and Parkinson patients. The 
shoulder's antigravity muscles, particularly the 
rhomboids and trapezius, are designed to hold 


the shoulders in retraction as the body stands or 
sits in gravitational space. Unfortunately, these 
muscles often become lengthened and atrophied, 
unable to adequately perform scapular retraction. 
This is promoted by the additional workload that 
the body routinely places on their antagonists, the 
shoulder girdle protractors, which become dispro- 
portionately tighter and stronger. This uneven bal- 
ance in the shoulder girdle muscles promotes poor 
posture and often affects the position of the head 
on the neck. Repetitive actions performed by the 
upper extremities, such as computer-related work, 
exhaust the shoulder girdle muscles, leading to fa- 
tigued and sore soft tissue. 

Brief descriptions of the most important bones 
in the shoulder region will help students under- 
stand the skeletal structure and its relationship to 
the muscular system. 


Bones 


The two bones primarily involved in movements 
of the shoulder girdle (figures 4.1 and 4.2) are the 
scapula and the clavicle, which together move as 
a unit. Their only bony link to the axial skeleton is 
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FIGURE 4.1 Right shoulder girdle, anterior view 


provided by the clavicle's articulation with the ster- 
num. Key bony landmarks for studying the shoulder 
girdle are the manubrium, clavicle, coracoid pro- 
cess, acromion process, glenoid fossa, lateral bor- 
der, inferior angle, medial border, superior angle, 
and spine of the scapula. 
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(a) Posterior view 


FIGURE 4.2 Right scapula 


Joints 


The scapula is actually embedded in muscles and is 
not physically attached to the rib cage. The move- 
ments of the shoulder girdle as the scapula moves in a 
variety of directions over the rib cage are described as 
scapulothoracic actions. The only two synovial joints 
are the arthrodial (gliding) sternoclavicular joint and 
the less mobile acromioclavicular joint. The scapula 
depends on the gliding actions of the sternoclavicu- 
lar joint and acromioclavicular joint for its ability to 
move. (See figures 4.3 and 4.4.) 


STERNOCLAVICULAR 


The sternoclavicular (SC) joint is classified as a 
(multiaxial) arthrodial joint. It moves anteriorly 
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(b) Lateral view 


15 degrees with protraction and posteriorly 15 de- 
grees with retraction. It moves superiorly 45 degrees 
with elevation and inferiorly 5 degrees with depres- 
sion. Some clavicle rotation along its axis during 
various shoulder girdle movements results in a slight 
rotary gliding movement ai the sternoclavicular 
joint. It is supported anteriorly by the anterior sterno- 
clavicular ligament and posteriorly by the posterior 
ligament. Additionally, the costoclavicular and inter- 
clavicular ligaments provide stability against superior 
displacement. 


ACROMIOCLAVICULAR 


The acromioclavicular (AC) joint is classified as 
an arthrodial joint. It has a 20- to 30-degree total 
gliding and rotational motion accompanying other 
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FIGURE 4.3  Sternoclavicular joint 
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FIGURE 4.4  Acromioclavicular joint 


shoulder girdle and shoulder joint motions. In ad- 
dition to the strong support provided by the cora- 
coclavicular ligaments (trapezoid and conoid), the 
superior and inferior acromioclavicular ligaments 
provide stability to this often injured joint. The 
coracoclavicular joint, classified as a syndesmotic- 
type joint, functions through its ligaments to 
greatly increase the stability of the acromioclavic- 
ular joint. 


SCAPULOTHORACIC 


The scapulothoracic joint is not a true synovial 
joint and does not have regular synovial features; 
its movemeni is totally dependent on the ster- 
noclavicular and acromioclavicular joints. Even 
though scapula movement occurs as a result of 
motion at the SC and AC joints, the scapula has a 
total range of 25-degree abduction-adduction move- 
ment, 60-degree upward-downward rotation, and 
55-degree elevation-depression. The scapulothoracic 
joint is supported dynamically by its muscles and 
lacks ligamentous support, since it has no synovial 
features. 

There is no typical articulation between the an- 
terior scapula and the posterior rib cage. Between 
these two osseous structures is the serratus anterior 
muscle, which originates off the upper nine ribs lat- 
erally and runs just behind the rib cage posteriorly 
to insert on the medial border of the scapula. Im- 
mediately posterior to the serratus anterior is the 
subscapularis muscle (see Chapter 6) on the anterior 
scapula. 


CLINICAL 
NOTES 


Movements 


In analyzing shoulder girdle movements (figure 4.5), 
it is often helpful to focus on a specific scapular bony 
landmark, such as the inferior angle (posteriorly), the 
glenoid fossa (laterally), and the acromion process (an- 
teriorly). All these movements have their pivotal point 
where the clavicle joins the sternum at the sternoclavic- 
ular joint. For palpation purposes, place two fingers on 
the sternoclavicular joint and repeat the movemenis; 
the gliding motion of the joint will be obvious. 

Movements of the shoulder girdle can be described 
as movements of the scapula. 
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Elevators 
Rhomboid major 
Rhomboid minor 
Levator scapulae 
Trapezius (superior part) 


Depressors 
Trapezius (inferior part) 
Pectoralis minor (not shown) 


FIGURE 4.5  Movements of shoulder girdle muscles 


Si) FLEXIBILITY AND STRENGTH 


Movements of the Shoulder Girdle 


Abduction (protraction) 
Movement of the scapula laterally away from the spinal column, 
as in reaching for an object in front of the body. 


Adduction (retraction) 
Movement of the scapula medially toward the spinal column, as 
in pinching the shoulder blades together. 


Upward rotation 
Moving the inferior angle superiorly and laterally away from 
the spinal column and tipping the glenoid fossa upward, as in 
reaching overhead out to the side. 


Downward rotation 
Returning the inferior angle medially and inferiorly toward the 
spinal column and the glenoid fossa to its normal position. 
(Once the scapula has returned to its anatomical position, 
further downward rotation actually results in the superior angle 
moving slighily superomedial.) 


Elevation 
Upward or superior movement, as in shrugging the shoulders. 


Depression 
Downward or inferior movement, as in returning to a normal 
position from a shoulder shrug. 


To accomplish some of the above-listed shoulder 
girdle movemenis, the scapula must rotate or tilt on 
its axis. Although they are not primary shoulder girdle 


Upward rotators 
Serratus anterior 
Trapezius (superior part) 


Downward rotators 
Rhomboid major 
Rhomboid minor 
Levator scapulae 


movements, these accessory movements are necessary 
for the scapula to move normally throughout iis range 
of motion (ROM) during the movemenis. 


5 FLEXIBILITY AND STRENGTH 


Accessory Movements of the Scapula 


Lateral tilt (outward tilt) 
Consequential movement during abduction in which the scapula 
rotates around its vertical axis, resulting in posterior move- 
ment of the medial border and anterior movement of the lateral 
border (also known as “winging” of the scapula). 


Medial tilt (inward tilt) 
Return from lateral tilt; consequential movement during extreme 
adduction in which the scapula rotates around its vertical axis, 
resulting in anterior movement of the medial border and poste- 
rior movement of the lateral border. 


Anterior tilt (upward tilt) 
Consequential rotational movement of the scapula around the 
frontal axis that occurs during hyperextension of the glenohumeral 
joint, resulting in the superior border moving anteroinferiorly 
and the inferior angle moving posterosuperiorly. 


Posterior tilt (downward tilt) 
Consequential rotational movement of the scapula around the 
frontal axis that occurs during hyperilexion of the glenohumeral 
joint, resulting in the superior border moving posteroinferiorly 
and the inferior angle moving anterosuperiorly. 
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SYNERGY WITH THE MUSCLES 
OF THE GLENOHUMERAL JOINT 


The shoulder joint and shoulder girdle work together 
in performing upper-extremity activities. It is critical 
to understand that movement of the shoulder girdle is 
not dependent on the shoulder joint and its muscles. 
However, the shoulder girdle muscles are essential to 
providing a scapula-stabilizing effect; muscles of the 
shoulder joint must have a stable base from which 
to exert force for powerful movement involving the 
humerus. Consequently, the shoulder girdle muscles 
contract to maintain the scapula in a relatively static 
position during many shoulder joint actions. 

As the shoulder joint goes through more extreme 
ranges of motion, the scapular muscles contract to 
move the shoulder girdle so that its glenoid fossa will 
be in a more appropriate position from which the hu- 
merus can move. Without the accompanying move- 
ment of the scapula, the humerus can raise only into 
approximately 90 degrees of total shoulder abduction 
and flexion. This scapulohumeral rhythm (see Clinical 
Notes, above) should work in a 2-to-1 ratio; for every 
2 degrees of glenohumeral joint abduction or flexion, 
there is 1 degree of upward rotation at the scapu- 
lothoracic joint. Without this rhythm, the shoulder 
cannot move correctly. The appropriate muscles of 
both joints work cooperatively in synergy to accom- 
plish the desired action of the entire upper extremity. 
For example, if a person abducts her hand out to the 
side laterally as high as possible, the serratus anterior 
and trapezius (middle and lower fibers) muscles up- 
wardly rotate the scapula as the supraspinatus and 
deltoid initiate glenohumeral abduction. This synergy 
between the scapula and shoulder joint muscles en- 
hances the movement of the entire upper extremity. 
If the shoulder joint muscles are not functioning to 
full capacity because of capsule inflammation, injury, 
or pathologic conditions, the shoulder girdle muscles 
are likely to shorten and further inhibit the movement 
of the scapula on the rib cage. Further discussion of 
the interaction and teamwork between these joints is 
provided at the beginning of Chapter 6, in Table 6.1, 
which lists the shoulder girdle movements thai usu- 
ally accompany shoulder joint movements. 


CLINICAL E = 

NOTES Possible Impingement 
Even when the scapula has free range of motion, sometimes 
the head of the humerus comes into contact with the acromion. 
This can occur if arthritic conditions exist on the acromion and 
the already tight space becomes narrower. With the humerus 


in about 90 degrees of abduction, this extreme position forces 
the head into the glenoid fossa. Impingement of the rotator cuff 
often occurs when the tendons of these muscles become in- 
flamed. See Chapter 6 on the shoulder joint and rotator cuff for 
further details. 


Muscles 


There are five muscles (figure 4.6) primarily involved 
in shoulder girdle movements. These muscles insert 
on the scapula and clavicle; all have origins on the 
axial skeleton. Shoulder girdle muscles do not attach 
to the humerus, nor do they cause actions of the shoul- 
der joint, a key point for understanding the actions of 
either the shoulder girdle or the shoulder joint. The 
only shoulder joint muscles that insert on the hu- 
merus are those that initiate and complete actions 
with the humerus. Shoulder joint actions, however, 
impact the position of the scapula. As the humerus 
abducis, the scapula upwardly rotates so that the hu- 
merus can operate optimally in full range of motion. 
When the humerus adducts, the scapula rotates down 
into its anatomical position. 
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(b) Posterior view 


FIGURE 4.6  Muscles that move the shoulder girdle, anterior and 
posterior views 
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The pectoralis minor and subclavius are located 
anteriorly in relation to the trunk. The subclavius 
muscle is a stabilizer and is not regarded as a pri- 
mary mover in any shoulder girdle actions. The ser- 
ratus anterior is located anteriorly to the scapula but 
posteriorly and laterally to the trunk. The trapezius 
(superficial), rhomboid, and levator scapulae are lo- 
cated posteriorly to the trunk. 

The shoulder girdle muscles are essential in pro- 
viding dynamic stability of the scapula and providing 
foundational support to all shoulder joint activities 
such as throwing a Frisbee, hitting a golf ball, shovel- 
ing snow, or raking leaves. 


- MUSCLE 


Shoulder Girdle Muscles— 
_ SPECIFIC 


Location and Action 


Anterior 
Pectoralis minor: abduction, downward rotation, 
and depression 
Subclavius: stabilization of the sternoclavicular joint, depression; 
draws the clavicle forward as the scapula abducts 


Posterior and laterally 
Serralus anterior: abduction and upward rotation, stabilization of 
the scapula 


Posterior 

Trapezius: 
Upper fibers: elevation and extension of the head, stabilization 
of the scapula 
Middle fibers: elevation, adduction, and upward rotation, 
stabilization of the scapula 
Lower [ibers: adduction, depression, and upward rotation, 
stabilization of the scapula 

Rhomboid: adduction and slight elevation as it adducts, down- 

ward rotation, stabilization of the scapula 

Levator scapulae: elevation, stabilization of the scapula 


It is important to understand that muscles may not 
necessarily be active throughout the full range of mo- 
tion for which they are noted as agonists. 

Table 4.1 provides a detailed breakdown of the 
muscles responsible for primary shoulder  girdle 
movements. 


Nerves 


The shoulder girdle muscles are innervated primarily 
from the nerves of the cervical plexus and brachial 
plexus, as illustrated in figures 4.7 and 4.8. The tra- 
pezius is innervated by the spinal accessory nerve and 
from branches of C3 and C4. In addition to supplying 


the trapezius, C3 and C4 also innervate the levator 
scapulae. The levator scapulae receives further in- 
nervation from the dorsal scapula nerve originating 
from C5. The dorsal scapula nerve also innervates the 
rhomboid. The long thoracic nerve originates from 
C5, C6, and C7 and innervates the serratus anterior. 
The medial pectoral nerve arises from C8 and T1 to 
innervate the pectoralis minor. 


CLINICAL 
NOTES 


Possible Nerve 
Impingements 


The brachial plexus is vulnerable to nerve impingemenis, or 
“pinched nerves,” from several perspectives. The bundles of 
nerves exit the cervical vertebrae in very specific, small areas. 
Osteoarthritis, a pathologic condition causing abnormal bony 
growth, can press on the nerves and cause nerve compression. 
Soft-tissue structures can apply pressure to nerves and cause 
nerve entrapment. Nerves that are compressed or entrapped 
from the brachial plexus adversely affect actions, soft-tissue 
tone, and strength in the entire upper extremity. 


Clinical Flexibility and Therapeutic 
Exercise 


Since the muscular system is susceptible to various 
dysfunctions, it is important to maintain a healthy 
range of motion (ROM) within the joinis, as well as 
optimal strengih. When a joint has limited move- 
ment, other muscle groups usually compensate as 
the body attempis to correct the poor movement. For 
example, if the scapula cannot upwardly rotate with 
abduction and flexion of the shoulder, the upper tra- 
pezius will elevate the scapula in an attempt to move 
the humerus into abduction. Clinical Flexibility and 
Therapeutic Exercise (CFTE) is a modality com- 
posed of stretching and strengthening the muscles 
of the body. It is designed to improve human move- 
ment and prevent current or past dysfunctions from 
worsening. The discussion on CETE exercises will 
start with the shoulder girdle muscles and will be in- 
terspersed throughout the remainder of the text. See 
Chapters 12 and 21 for upper- and lower-extremity 
exercises. 


BASIC STRETCHING IDEAS 


The shoulder has a dynamic range of motion, and it 
allows the body to perform complex movements in 
sports and in daily living. To maintain this dynamic 
range and help prevent injuries, the shoulder must be 
stretched and strengthened. Muscles should always be 
stretched before any resistance is applied so that the 
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TABLE 4.1 


Agonist Muscles of the Shoulder Girdle 


Name of Muscle Origins 


Insertion 


Actions 


Innervations 


Trapezius Upper: occiput, ligamentum 


nuchae 

Middle: spinous processes 
of C7, 11-13 

Lower: spinous processes of 
T4-T12 


Levator scapulae C1-—C4 transverse pro- 


cesses 


Rhomboid major T2-T5 spinous processes 


Rhomboid minor C7, T1 spinous processes 


Serratus anterior Surface of the upper nine 


ribs at the side of the chest 


Anterior surfaces of the 3rd 
to 5th ribs 


Pectoralis minor 


Subclavius Superior aspect of 1st rib at 
its junction with its costal 


cartilage 


Upper: lateral clavicle 


Midale: spine of 
scapula, acromion 
Lower: root of spine 
of scapula 


Vertebral border of 
scapula (medial) from 
superior angle to root 
of spine 

Vertebral border of 
scapula below root of 
spine 


Root of spine of 
scapula 

Anterior aspect of the 
whole length of the me- 
dial border of scapula 
Coracoid process of 
scapula 


Inferior groove in the 
midportion of clavicle 


Upper: elevation, upward 
rotation of scapula 

Middle: adduction, eleva- 
tion, upward rotation 
Lower: depression, upward 
rotation of scapula, and 
adduction 

bilateral extension of spine 
Elevation of scapula 


Adduction (retraction), 
elevation accompanying 
adduction, downward 
rotation of scapula 


Same 


Abduction, upward 
rotation 


Abduction, downward 
rotation as it abducts, 
depression from upward 
rotation 


Stabilization of sterno- 
clavicular joint, depres- 
sion; draws clavicle down 
as shoulders abduct 


Accessory nerve (CN 
XI), branches of C3, C4 


Dorsal scapular nerve 
(05, C4, and C3) 


Dorsal scapular nerve 
(C5) 
Same 


Long thoracic nerve 
(05-07) 


Medial pectoral nerve 
(C8-—T1) 


Nerve fibers from 
C5 and C6 


Hypoglossal nerve (XII) 
Accessory nerve (XI) 


Lesser occipital nerve 
Great auricular nerve 
Transverse cervical nerve 
Superior root 


Ansa cervicalis-| i 
Inferior root 


Branch to brachial plexus 
Supraclavicular nerves 


Phrenic nerve 


FIGURE 4.7  Cervical plexus 


muscle fibers will perform optimally for the task. The 
shoulder area is often overlooked in both a flexibility 
focus and a strength focus. While it is important to 
strengthen the larger, prime movers of the shoulder, 
restoring the smaller antigravity muscles is also vital. 
For example, if an individual is strengthening his pec- 
toralis major twice per week, he must also strengthen 
the rhomboids, serratus anterior, and trapezius. Be- 
cause of the large fibers and powerful forward pull 
the pectoralis has on the shoulders, the opposite mus- 
cles of the posterior shoulder will become lengthened 
when an imbalance is present. Yet the pectoralis must 
also be stretched to allow the shoulders to return to a 
neutral position. 
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FIGURE 4.8  Brachial plexus 


Understanding Flexibility 


Flexibility is an important component in sports and 
general fitness, and it should not be overlooked in 
the study of kinesiology. Increasing proper range of 
motion—the total movement of which a joint is capa- 
ble—by increasing flexibility has been shown to help 
improve poor posture, increase sports performance, 
and reduce wear and tear on the joints. Flexibility 
is defined as the end motion of a segment, and it can 
occur by active contraction of the agonist (active range 
of motion) or by motion of an external force (passive 
range of motion). Stretching is taking a muscle in its 
resting length and expanding it. Ligaments, in their 
supportive roles as joint protectors, restrict range of 
motion and flexibility at the end movement. Someone 
who is “double-jointed” in the knee joint (also known 
as genu recurvatum), for example, has ligamenis with 
greater amounts of plasticity that allow for more range 
of motion. Many factors, such as obesity, muscle im- 
balance, and hypertrophy, contribute to poor flexibility, 
but musscle tissue has the ability to increase its resting 
length if the correct flexibility protocols are followed. 
Two of the main influences on flexibility are the 
physical length of the antagonist muscle and the neu- 
rologic innervation of the muscle being stretched. 
When a muscle is stretched, so is the muscle spindle, 
which records the change in length and how fast the 
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muscle is stretched. In a muscle stretch, there are 
two important neurologic properties to consider. To 
protect a muscle from being overstretched, a primary 
afferent neuron initiates a stretch reflex (myotatic re- 
flex arc, see Chapter 2), which causes a contraction of 
the muscle being stretched. This mechanism fires in 
response to a stretch, and its response is proportional 
to the amount of force placed on the stretch. Because 
this reflex is so powerful, someone without adequate 
flexibility could easily cause injury to the muscle being 
stretched, especially if extreme force is applied into the 
stretch. This is one of the reasons ballistic stretching 
(see “Types of Flexibility,” below) is precarious at best. 
While some research suggests that muscle spindles 
habituate to new muscle lengths with specific training 
(which explains why certain yoga postures are pos- 
sible), the chance of injury for most individuals, espe- 
cially those with existing conditions, is greater if long 
holds or ballistic-type motions are used. 

Another factor with a stretched muscle is the 
Golgi tendon organ, or GTO (see Chapter 2). The 
GTO response occurs mostly in an active streteh— 
when the knee is extended and the hamstrings are 
being lengthened, for example—and when pres- 
sure is applied to tendons. The GTO initiates an in- 
verse stretch reflex, which relaxes the muscle being 
stretched. Again, this component is a safety valve so 
that the muscle being stretched is not injured from 
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excessive contraction of the myotatic reflex arc or 
lengthened muscle fibers. 


Types of Flexibility 
BALLISTIC STRETCHING 


Ballistic stretching involves the use of bouncing or 
rhythmic motions to increase range of motion. It is 
sometimes employed in sports such as gymnastics and 
martial arts; however, it is rarely recommended in a 
health care setting because of its unsafe, forceful tech- 
nique. Because of the nature of its forceful movement, 
the stretch reflex responds with dangerous contraction. 


PASSIVE STRETCHING 


Passive stretching is often used in the health care field, 
particularly with stroke or paralysis patients or those 
whose injury prevents the use of an extremity. The 
movement is usually assisted by a therapist, and the 
individual makes no contribution or active contraction 
in carrying out the stretch. The hold at the end move- 
ment is generally 30 seconds to 1 minute in duration. 


STATIC STRETCHING 


Static stretching is used in yoga and has been pop- 
ularized by fitness programs. It is generally a slow 
stretch with holds of 10 to 30 seconds. 


PROPRIOCEPTIVE NEUROMUSCULAR 
FACILITATION STRETCHING 


Proprioceptive neuromuscular facilitation (PNF) 
stretching utilizes the components of muscle physi- 
ology to obtain an increased amount of flexibility in 
muscles. It also utilizes the fact that a muscle con- 
traction is usually followed by relaxation of the op- 
posite antagonistic muscle(s). Active PNF stretching 
involves taking a motion to its end point and then fol- 
lowing that with a maximum isometric contraction 
of the counteracting muscles with resistance from a 
therapist. This is followed by a stretch that is usually 
held 10 to 30 seconds. Like many stretch protocols, 
PNF stretching techniques vary. 


ACTIVE ISOLATED STRETCHING 


Active Isolated Stretching (AIS) is used in this text 
as part of the Clinical Flexibility and Therapeutic Ex- 
ercise modality. While active stretching has been in 
existence for some time, the Active Isolated protocol 
used today was pioneered by kinesiologist Aaron L. 
Mattes and has become widely popular among clini- 
cians, athletes, and the general public. Active Iso- 
lated Stretching (AIS) involves the use of the bodys 


natural movements (flexion, extension, rotation, etc.) 
and physiology to achieve greater range of motion. 
It uses the principles of Sherrington's law (reciprocal 
innervation, see Chapter 2) as well as short, 2-second 
holds. To achieve a stretch, an agonisit muscle contracts 
to move a body segment, and the antagonist muscle is 
lengthened, held in a short stretch, and then returned 
to the starting position. This is repeated in repetitions, 
with several sets, depending on muscle tightness (see 
Chapter 12, Table 12.1). This method theorizes that 
the short holds do not violate the stretch reflex and 
therefore minimize muscle-tissue injury. Additionally, 
AIS movements are performed with the body in an 
advantageous position. For example, to lengthen the 
hamstring group, the body is supine, with no isomet- 
ric contraction holding the body up in gravity. This al- 
lows the hamstring group to be lengthened in a relaxed 
state, without the interference of another contraction. 


THE IMPORTANCE OF “CLINICAL” 
FLEXIBILITY 


Clinical flexibility is defined as stretching used in a 
clinical setting, and it is usually assisted by a thera- 
pist. A clinical setting is anywhere a health care pro- 
vider works, whether an actual clinic, a hospital, or 
the clients home. Since physical therapists, athletic 
trainers, and massage therapists generally provide 
care for clients suffering from pain and injury issues, 
utilizing a safe stretching protocol helps prevent 
further injury and aids in recovery. There are many 
reasons that the AIS approach is best suited for the 
health care workers toolbox: 


1. The active component and client contribution in- 
crease blood flow, and muscle reeducation occurs 
with each repetition. 


2. The method involves the use of natural joint 
movements and reciprocal innervation. 


3. Short holds help avoid the myotatic reflex arc con- 
traction. Less force is placed on injured areas. 


4. AIS is easily taught to clients for self-care. 


5. Specific isolation of muscle groups allows for 
dynamic stretching of dysfunctional areas. 


The exercises presented later in this chapter consist 
of upper-extremity AIS, followed by strengthening for 
the same muscles thai were stretched (antagonists). 
This makes understanding the functional actions of 
the agonist and antagonist easier. Table 4.2 shows the 
protocol for performing AIS. It should be noted that 
these AIS exercises are presented mainly for students 
to attempt so that they can better understand func- 
tional anatomy and movement. These exercises can 
be shown to clients only if the clinician is within the 
scope of his or her practice. 


86 part2 Upper Extremities 


TABLE 4.2 Active Isolated Stretching Protocol 


DD CZU PS COND 


Use agonist muscles to stretch antagonists. 
Perform 8 to 10 repetitions and 2 to 3 seis. 
Return to the start position with each repetition. 
Hold the stretch approximately 2 seconds. 

Exhale on work phase; inhale on relaxation phase. 
Position the body to perform the stretches comfortably, using core muscles to assist. 


Individual Muscles of the Shoulder Girdle 


OIAI MUSCLE CHART  TRAPEZIUS (tra-pe zi-us) Named for its shape—irregular four-sided figure 


Name of Muscle 


Trapezius 


Adduction 


Upward rotation 


Upper fibers 


Elevation (upper and middle fibers)| 
Middle fibers 


Spine of scapula 


(middle and lower fibers) 


(middle and lower fibers) 


Depression 
(lower fibers) 


Lower fibers 


Origins 


Upper: occiput, 
ligamentum nuchae 


Middle: spinous 
processes of C7, 11-13 


Lower: spinous 
processes of T4-T12 


Insertion 


Upper: lateral clavicle 


Middle: spine of scapula, 
acromion 


Lower: root of spine of 
scapula 


Actions 


Upper: elevation, 
upward rotation of 
scapula 


Middle: adduction, 
elevation, upward 
rotation 


Lower: depression, 
upward rotation of 
scapula, adduction 


bilateral extension of 
spine 


Innervations 


Accessory nerve (CN XI), 
branches of C3, C4 
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TRAPEZIUS MUSCLE 


Palpation 


Upper fibers: The upper fibers can be palpated half- 
way between occipital protuberance to C6 and 
laterally to acromion, particularly during eleva- 
tion and extension of the head ai the neck. Lift the 
shoulder, and then place a thumb under the upper 
trap inserting at the clavicle and an index finger 
on top, effectively making a pincer palpation of 
the upper trapezius. 

Middle fibers: The middle fibers can be palpated from 
C7 to T3 and laterally to acromion process and 
scapula spine, particularly during adduction. 

Lower fibers: The lower fibers can be palpated from 
T4 to T12 and medial aspect of scapula spine, par- 
ticularly during depression and adduction. 


See Chapter 5 for additional palpation tech- 
niques and the location of the upper, middle, and 
lower trapezius. 


CLINICAL 
NOTES 


Common Muscle 
Factors 


The sternocleidomastoid and trapezius share the same inner- 
vation of the spinal accessory nerve. This is noteworthy, as 
these two muscles oppose each other in flexion and extension 
of the head. As paired opposites, the muscles are caught in 
balancing the head on the neck. If the head is in a prolonged 
head-forward posture, the sternocleidomastoid shortens and 
the upper trapezius endeavors to hang on to the posterior head 
attachment with other posterior cervical muscles. Also, the ac- 
cessory nerve can become entrapped by the sternocleidomas- 
toid fibers and, in turn, make the trapezius weak. This means 
that the practitioner must treat both the sternocleidomastoid 
and the trapezius to unwind the chronic tension in the upper 
and middle trapezius. The trapezius is often involved in stiff 
neck, flexion and extension whiplash, repetitive actions, head- 
forward posture positions, and compensatory changes due to 
injury. Stretching of all the neck muscles is helpful for estab- 
lishing better blood flow. 


Muscle Specifics 


Aptly named for its shape, the trapezius acts as its own 
all-in-one agonist and antagonist muscle. Thanks to 
its shape and attachments, the trapezius balances el- 
evation with depression. Of the two actions, elevation 
is the stronger because it has to go against gravity and 
carry the extremities around as extra weight. The tra- 
pezius often has lengthened or stretched fibers, as the 
upper and middle trapezius may be kept in a constant 
state of elevation or shortening along with the levator 


scapulae. Unilaterally, one side of the trapezius may 
be shortened if one extremity is injured and in a sling. 
The active extremity will torque on the ipsilateral side 
of the entire trapezius and shoulder girdle muscles, 
while the injured contralateral side will be passively 
shortened. 

The upper fibers are a thin and relatively weak 
part of the muscle; however, the muscle is thick and 
twisted where it attaches to the clavicle. The muscle 
must spirally attach in this way so that the head can 
fully rotate to the opposite side. The fibers assist the 
middle trapezius and levator scapulae in clavicle el- 
evation, as well as elevation and upward rotation of 
the scapula. 

Due to their origin on the base of the skull, the 
upper fibers assist in bilateral head extension and 
unilateral rotation. Ipsilaterally, the trapezius later- 
ally flexes the head. 

The middle fibers are stronger and thicker, and 
they provide strong elevation, upward rotation, and 
scapular adduction (retraction). The middle fibers are 
stronger because they position the shoulder for func- 
tion and posture. As a result, the area is often a source 
of tenderness, discomfort, and chronic tension, usu- 
ally caused by head-forward postures, repetitive 
shortening of the upper and middle fibers, rounded 
shoulders, or the weight of the upper extremities pull- 
ing on the shoulder. 

The lower fibers assist in adduction (retraction), 
depression, and upward rotation of the scapula. The 
area is typically weak, and the fibers often are lengih- 
ened or stretched, particularly in individuals whose 
posture and activities demand a significant amount of 
scapular abduction. 

When all the parts of the trapezius are working to- 
gether, they tend to pull upward and adduct at the 
same time. Fixation of the scapula for deltoid action 
is a typical function of the trapezius muscle. For ex- 
ample, continuous upward rotation of the scapula 
permits one to raise the arms over the head; the 
muscle always prevenis the glenoid fossa from being 
pulled down when the arms are lifting objects; and 
the muscle action enables one to hold an object over- 
head. Holding the arm at the side horizontally shows 
typical fixation of the scapula by the trapezius mus- 
cle, while the deltoid muscle holds the arm in that 
position. The muscle is used strenuously when lift- 
ing with the hands, as in picking up the handlebars 
of a heavy wheelbarrow. The trapezius must prevent 
the scapula from being pulled downward. Awkward 
repetitive actions that require frequent reaching in 
front of the body will shorten the upper and middle 
trapezius as the scapula abducts, effectively lengthen- 
ing the lower trapezius. Dental hygienists, computer 
operators, truck drivers, and landscapers can all lay 
claim to shortened upper and middle trapezius, ab- 
ducted scapulae, and lengthened lower trapezius. 
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Clinical Flexibility 


In stretching the trapezius, it is important to remem- 
ber its attachments and functional actions. The most 
vital areas to stretch are the upper and middle fibers 
because of their antigravity functions and history of 
inflicting chronic tension. The cervical region also is 
affected by these fibers because of the close proxim- 
ity of attachments to the occipital bone. Because the 
middle fibers attach to the medial border of the acro- 
mion and upper border of the scapula, and the lower 
fibers attach to the base of the scapular spine, it is 
necessary to consider scapular action in stretching 
these fibers. To stretch these fibers, the scapula must 
be protracted. To achieve this, bring the extended arm 
across the front of the body (horizontal adduction) 
just under the chin. Using the other hand, assist by 
pushing just proximal to the elbow. Apply a gentle 
stretch for 2 seconds; repeat 8 to 10 times. A varia- 
tion of this movement that will cause the scapula to 
protract with rotation, thus increasing the stretch to 


the trapezius and rhomboids, is to flex the elbow as 
it is brought across the body, reaching with the hand 
to the posterior contralateral shoulder; then apply 
the same gentle stretch. Contraindications: This ex- 
ercise should be avoided with shoulder arthroplasty. 
Impingement, tendonitis, and other dysfunctions will 
benefit from this exercise, but movement must be 
slow and controlled. 


Strengthening 


Strengthening the upper and middle fibers can be 
accomplished through a forward-cirele shoulder- 
shrugging exercise that consists of a forward, up, and 
back sequence to cause scapular retraction. This exer- 
cise also helps strengthen the rhomboids at the same 
time. The middle and lower fibers can be strengthened 
through bent-over rowing and shoulder-joint horizon- 
tal abduction exercises from a prone position. See 
Chapter 12 for more information. Contraindications: 
These exercises are safe with controlled movement. 


OIAI MUSCLE CHART  LEVATOR SCAPULAE (le-va'tor scap u-lae) The lifter 


Name of Muscle Origins 


C1-C4 transverse 
processes 


Levator scapulae 


Insertion 


Vertebral border of 
scapula (medial) from 


Actions Innervations 


Elevation of scapula Dorsal scapular nerve 


(C5, CA, and C3) 


superior angle to root 


of spine 
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LEVATOR SCAPULAE MUSCLE 


Palpation 


Deep to the trapezius, the levator scapulae is difficult 
to palpate posteriorly; it is best palpated at its inser- 
tion just medial to the superior angle of the scapula, 
particularly during slight elevation. Locatie the inser- 
tion on the anterior scapula by approaching from 
under the middle and upper trapezius. For better ac- 
cess, passively shorten the upper and middle trapezius 
by lifting the inferior angle and elevating the scapula. 


CLINICAL 
NOTES 


Muscle Specifics 


The levator scapulae acts as a bilateral guy wire that 
runs from the upper four vertebrae to the scapula. 
If head movement is compromised or the muscle is 
shortened in any way, it upsets the balance with its 
connections to the transverse processes of C1, which 
it can easily rotate. Ii is important for therapists to 
remember this relationship when planning to release 
muscles prior to manipulation by another appropri- 
ate health care professional. 


Clinical Flexibility 


To stretch the levator scapulae, perform the same 
horizontal adduction stretch as that for the trapezius. 
Also, since the muscle has attachments along the cer- 
vical spine, the head can be moved contralaterally to 
facilitate a good stretch. Stari with the head in the 
neutral position, eyes straight ahead. Leave one hand 
above the head to help assist in the stretch. Move the 
head in lateral flexion to the opposite shoulder, and 
apply a genile stretch using the other hand. Return 
to the neutral position, and repeat 8 to 10 times. Con- 
traindications: Use caution with cervical herniations. 


Strengthening 


Shrugging the shoulders involves the levator scapulae 
muscle, along with the upper and middle trapezius. 
Since fixation of the scapula by the pectoralis minor 
muscle allows the levator scapulae muscles on both 
sides to extend the neck or to flex it unilaterally, the 
levator scapulae should be strengihened the same way 


it is stretched—by flexion and extension of the neck. 
For the flexors, lie on one side, with head and arm off 
a therapy table or bed. Begin the movement with the 
lower ear toward the ground (lateral flexion). Lift the 
head into flexion to the opposite shoulder, and then 
gently return to the lower position. Extension can be 
performed in the prone position, lifting the head back 
into extension. Repeat 8 to 10 times. Contraindica- 
tions: Use caution with disk herniations. 


RHOMBOID MUSCLES: MAJOR AND MINOR 


Palpation 


Deep to the trapezius are the rhomboids. Though dif- 
ficult, they may be palpated through the relaxed tra- 
pezius during adduction. This is best accomplished 
by placing the clients ipsilateral hand behind the 
back (glenohumeral medial rotation and scapula 
downward rotation), as this relaxes the trapezius and 
brings the rhomboid into action when the client lifts 
the hand away from the back. The rhomboid major 
makes a small triangle that is visible and superficial 
just medial to the inferior angle of the scapula. The 
lower trapezius slopes away from the scapula in its 
angle from the root of the spine to the spinous pro- 
cesses of the vertebrae. 


CLINICAL 
NOTES 


Muscle Specifics 


In the average person, the rhomboid muscles spend 
a disproportionate amount of time in lengihened 
(stretched) positions. The rounded-shoulder posture 
usually starts in elementary school, where heavy 
backpacks increase thoracic kyphosis. Because the 
rhomboids are antigravity muscles, and the oppo- 
site pectoralis major is developed and powerful, the 
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OIAI MUSCLE CHART  RHOMBOIDS MAJOR AND MINOR (rom boyd) Bilateral Christmas tree; means “diamond shaped” 


Adduction 


Downward 
rotation 


Name of Muscle Origins Insertion 


Rhomboid major T2-T5 spinous 
processes 


spine 


Rhomboid minor C7, T1 spinous 


processes 


rhomboids tend to become lengihened and atrophied. 
In a fitness program, they are one of the most over- 
looked muscles to strengthen because they lose favor 
over the “shapely” prime movers. 


Clinical Flexibility 


The rhomboids are extremely important muscles 
to stretch. Since their pain patterns are wide, often 
spreading into the occipital area or down the lower 
back, stretching can help restore blood flow and re- 
lease trigger or energy points. The rhomboids are 
scapular retractors and therefore must be stretched 
with scapular protraction. The horizontal adduction 
stretches are excellent for this, as the rhomboids are 
stretched by passively moving the scapula into full 
protraction while maintaining depression. Contrain- 
dications: These stretches should be avoided with 
shoulder arthroplasty. Impingement, tendonitis, and 


Vertebral border of 
scapula below root of 


Root of spine of scapula 


Actions Innervations 


Adduction (retraction), Dorsal scapular nerve 
elevation accompanying  (C5) 

adduction, downward 

rotation of scapula 


Same Same 


other dysfunctions will benefit from this exercise, but 
movement must be slow and controlled. 


Strengthening 


The rhomboid muscles fix the scapula in adduction 
(retraction) when the shoulder joint muscles adduct 
or extend the arm. These muscles are used powerfully 
during chin-up exercises. As one hangs from the hori- 
zontal bar, suspended by the hands, the scapula pulls 
away from the top of the chest. When the chin-up 
movement begins, the rhomboid muscles rotate the 
medial border of the scapula down and back toward 
the spinal column. The rhomboid also works in a 
similar manner to prevent scapula winging. The tra- 
pezius and rhomboid muscles working together pro- 
duce adduction with slight elevation of the scapula. 
The latissimus dorsi muscle opposes this action, as it 
adducts or extends the humerus. 
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OIAI MUSCLE CHART  SERRATUS ANTERIOR (ser-a tus an-tir'e-or) Named for shape and location—the saw in front 


(a) Lateral view 


(b) Lateral view with scapula reflected posteriorly 


i 
La 2a 


Ab&etlop “i 23 


Upward reiation, 


ț 


to reveal anterior surface 


Name of Muscle Origins 


Serratus anterior Surface of the upper 
nine ribs at the side 


of the chest 


The rhomboids must be isolated in order to 
strengthen them. In the prone position on an exercise 
bench, with arms off the edge, hold dumbbells; then 
flex the elbows and wrist to form a “ball.” With the 
head lowered completely so that there is no action 
in the upper trapezius, bring the elbows back as the 
scapula is retracted very tightly and hold for 2 sec- 
onds; then lower the weight to the starting position. 
Repeat 8 to 10 times. To see photos of this exercise, 
see Chapter 12. Contraindications: This exercise is 
generally safe with controlled movement. 


SERRATUS ANTERIOR MUSCLE 


Palpation 


Palpate the serratus anterior on the front and lateral 
side of the chest below the 5th and 6th ribs just proxi- 
mal to their origin during abduction, which is best 
accomplished from a supine position with the gle- 
nohumeral joint in 90 degrees of flexion. The upper 


Insertion 


Anterior aspect of the 
whole length of the 
medial border of scapula 


Actions Innervations 


Abduction, upward 
rotation 


Long thoracic nerve 
(05-07) 


fibers may be palpated in the same position between 
the lateral borders of the pectoralis major and latissi- 
mus dorsi in the axilla. See the side-lying techniques 
in Chapter 7 to locate and palpate the serratus ante- 
rior easily. 


CLINICAL 
NOTES 
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Muscle Specifics 


Named for its shape, the serratus anterior muscle 
is used commonly in movements drawing the scap- 
ula forward with slighi upward rotation, such as 
throwing a baseball, punching in boxing, shooting 
and guarding in basketball, and tackling in foot- 
ball. As a shoulder girdle anterior stabilizer, it helps 
prevent winging of the scapula. For this reason, it 
should not be overlooked in a strength and stretch- 
ing program. 


Clinical Flexibility 


The serratus anterior can be stretched by revers- 
ing its action. Since it abducts the scapula, it can 
be stretched by causing the scapula to adduct. With 
arms at the sides in the fundamental position, lift 
one arm into abduction with the palms turned out, 
continuing into sideward elevation, with the arm 
passing just behind the head. Use the opposite hand 
to help stretch by pulling at the elbow for 2 seconds. 
Repeat 8 to 10 times. Contraindications: Impinge- 
ment, tendonitis, and other dysfunctions will benefit 
from this exercise, but movemeni must be slow and 
controlled. 


Strengthening 


The serratus anterior muscle is used strongly in doing 
push-ups, especially in the last 5 to 10 degrees of mo- 
tion. The bench press and overhead press are good 
exercises for this muscle. A winged scapular condi- 
tion (lateral tilt of the scapula) usually results from 
weakness of the rhomboid or the serratus anterior. 
Serratus anterior weakness may result from an injury 
to the long thoracic nerve. Another way to strengthen 
this muscle is to lie on the floor supine, arms ex- 
tended in front holding 5-pound weights. Keeping the 
arms extended, push up to the ceiling, protracting the 
scapula all the way. Repeat 8 to 10 times. Contraindi- 
cations: These exercises are generally safe with con- 
trolled movement. 


PECTORALIS MINOR MUSCLE 


Palpation 


The pectoralis minor is difficult to palpate, but it can 
be palpated under the pectoralis major muscle and 
just inferior to the coracoid process during resisted de- 
pression. This may be enhanced by placing the clients 
hand behind the back and having her actively lift the 
hand away, which brings the protractors into action. 


OIAI MUSCLE CHART  PECTORALIS MINOR (pek-to-ra lis mi nor) Brachial plexus entrapper—pectus means “chest” 


rotation 


Depresia 


Name of Muscle Origins Insertion 


Anterior surfaces of 3rd 
to 5th ribs 


Pectoralis minor 
scapula 


Coracoid process of 


Actions Innervations 


Abduction, downward 
rotation as it abducis, 
depression from upward 
rotation 


Medial pectoral nerve 
(C8-T1) 
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CLINICAL 
NOTES 


Muscle Specifics 


The pectoralis minor muscle is used, along with the 
serratus anterior muscle, in true abduction (protrac- 
tion) of the scapula without rotation, particularly in 
movements such as push-ups or rounding the shoul- 
ders. The serratus anterior draws the scapula for- 
ward with a tendency toward upward rotation, and 
the pectoralis minor pulls the scapula forward with 
a tendency toward downward rotation. The two pull- 
ing together give true abduction, which is necessary 


in many humeral flexed positions such as push-ups. 
These muscles work together in most movemenis that 
involve pushing with the hands. 


Clinical Flexibility 


The pectoralis minor is most used in depressing and 
rotating the scapula downward from an upwardly ro- 
tated position, as in pushing the body upward on dip 
bars. The pectoralis minor is often tight due to over- 
use in activities involving abduction, such as garden- 
ing or working at a desk. The result is often forward 
and rounded shoulders. It is also involved in thoracic 
kyphotic patterns and brachial plexus dysfunctions. 
To stretch the pectoralis minor, lift both arms up in 
flexion, palms facing each other, to about a 90-degree 
angle. Using the muscles on the posterior upper back, 
bring the arms back into horizontal abduction. The 
scapulae should retract in this movement. As you 
lift back, tighten the abdominals to prevent back 
hyperextension. Hold for 2 seconds, and repeat 8 to 
10 times. Contraindications: Shoulder arthroplasty 
patients; client should move into only 70 degrees of 
horizontal abduction. Impingement, tendonitis, and 
other dysfunctions will benefit from this exercise, but 
movement must be slow and controlled. 


Strengthening 


The pectoralis minor can be strengthened by a stan- 
dard chest fly, except the angle of the arms must be 


OIAI MUSCLE CHART  SUBCLAVIUS (sub-klâ-ve-us) The stabilizer below the clavicle 


Subclavius muscle 


Depression | 


Insertion 


Name of Muscle Origins 


Subclavius Superior aspect of 1st 
rib at its junction with 


its costal cartilage 


Inferior groove in îhe 
midportion of clavicle 


Actions Innervations | 


Nerve fibers from 
C5 and C6 


Stabilization of sterno- 
clavicular joint, depres- 
sion; draws clavicle down 
as shoulders abduct 
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changed to better isolate the pectoralis minor. Lying 
supine on the floor or table with the arms flexed in 
front of the chest, bring the weight slowly out to the 
sides (horizontal abduction), keeping a 90-degree 
angle on the arms. Slowly return to the starting po- 
sition. Repeat 8 to 10 times. Contraindications: This 
exercise is generally safe with controlled movement. 


SUBCLAVIUS MUSCLE 


Palpation 


The subclavius is difficult to distinguish from the pec- 
toralis major, but it may be palpated just inferior to the 
middle third of the clavicle with the client in the side- 
Ilying position. The clavicle is in an upward-rotated 
position, and the humerus is supported in a partially, 
passively flexed position. Slight active depression and 
abduction of the scapula may enhance palpation. 


CLINICAL 
NOTES 


Introduction 


vw The shoulder girdle is a two-bone structure that sur- 
rounds the axial skeleton and provides dynamic stabil- 
ity for the shoulder joint. 


Bones 

w The two bones that make up the shoulder girdle are the 
clavicle and the scapula. Bony landmarks provide at- 
tachments for muscles to pull on and cause movement 
when contracting. 


Joints 

vw The sternoclavicular joint is a gliding articulation that is 
formed by the sternum and the clavicle. The acromio- 
clavicular joint is also a gliding joint, but with less motion 
than the sternoclavicular joint. The scapulothoracic joint 
is not a true synovial joint but moves over the rib cage 
with contractions of its muscles. 


Muscle Specifics 


The subclavius pulls the clavicle anteriorly and in- 
feriorly toward the sternum. In addition to assisting 
in abduction and depression of the clavicle and the 
shoulder girdle, it has a significant role in protect- 
ing and stabilizing the sternoclavicular joint during 
upper-extremity movements. 


Clinical Flexibility 


The subclavius muscle can be stretched much like 
stretching the pectoralis minor, by starting with the 
arms flexed in front of the chest, palms facing each 
other. Using the muscles on the posterior shoulder, 
retract the scapula and bring the arms back into 
horizontal abduction. Hold 2 seconds, and repeat 8 
to 10 times. This stretch also targets the pectoralis 
major. Contraindications: This exercise is generally 
safe with controlled movement. 


Strengthening 


The subclavius may be strengthened during activities 
in which there is active depression, such as dips, or 
active abduction, such as push-ups. A standard fly 
(explained earlier) is an effective way to strengthen 
this muscle. Contraindications: This exercise is gener- 
ally safe with controlled movement. 


Movements 

vw The movements of the shoulder girale include elevation, 
depression, abduction (protraction), adduction (retrac- 
tion), upward rotation, and downward rotation. There 
are accessory tilt movements as well. 

v The shoulder joint and shoulder girdle work together 
in performing upper-extremity activities. It is critical to 
understand that movement of the shoulder girdle is not 
dependent on the shoulder joint and its muscles. 


Muscles 


vw The pectoralis minor, subclavius, and serratus anterior 
are located anteriorly, while the trapezius, rhomboids, 
and levator scapulae are located posteriorly. 


Nerves 


vw The nerves for the shoulder girdle muscles stem primar- 
ily from the cervical plexus and brachial plexus. 
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Clinical Flexibility and Therapeutic Exercise 

w The shoulder girdle muscles should be stretched and 
strengthened to help maintain their dynamic range of 
movement. 


vw Muscles should always be stretched before any resis- 
tance is applied. 


vw Strengthening the antigravity muscles of the shoulder is 
necessary to facilitate proper scapular movement. 


vw The synergistic movement in the shoulder joint between 
the glenohumeral joint and the scapulothoracic joint is 
known as the scapulohumeral rhythm. 


Understanding Flexibility 
w Flexibility is an important component in sports and gen- 
eral fitness, and it should not be overlooked in the study 
of kinesiology. 


w Proper range of motion by increased flexibility has been 
shown to help poor posture, increase sports perfor- 
mance, and reduce wear and tear on joints. 


v Flexibility is defined as the end motion of a segment, 
and it can occur by active contraction of the agonist 
(active range of motion) or by motion of an external 
force (passive range of motion). 


w To protect a muscle from being overstretched, a primary 
aferent neuron initiates a stretch reflex (myotatic reflex 
arc, see Chapter 2), which causes a contraction of the 
muscle being stretched. 


w This mechanism has been measured to fire after 1 to 
2 seconds of a stretch hold, and its response is propor- 
tional to the amount of force placed on the stretch. 


w Another important component of a stretched muscle is 
the Golgi tendon organ, or GTO (see Chapter 2). 


v The GTO response occurs mostly in an active stretch, 
such as when the knee is extended and the hamstrings 
are being lengthened, and when pressure is applied to 
tendons. 


vw The GTO initiates an inverse stretch reflex, which relaxes 
the muscle being stretched. 


Types of Flexibility 

vw There are many different types of stretching; these in- 
clude ballistic, passive, static, proprioceptive neuromus- 
cular facilitation (PNF), and Active Isolated Stretching 
(AIS). 

vw Active Isolated Stretching is used in this text as part of the 
Clinical Flexibility and Therapeutic Exercise modality. 

w Active Isolated Stretching involves the use of the body's 
natural movements and physiology to achieve greater 
range of motion. 


vw AIS uses the principle of reciprocal innervation 
(Sherrington's law, see Chapter 3) as well as short, 
2-second holds. 


vw Toachieve a stretch in AIS, an agonist muscle contracts 
to move a body segment; then the antagonist muscle 
is lengthened, held in a 2-second stretch, and then re- 
turned to the start position. 


v Clinical flexibility is defined as flexibility used in a clini- 
cal setting, and it is usually assisted by a therapist. 


vw A clinical setting can be anywhere a health care pro- 
vider might work, whether it is a clinic, a hospital, or a 
clients home. 


w Since physical therapists, athletic trainers, and massage 
therapists usually provide care for clients with pain and 
injury issues, utilizing a safe stretching protocol helps 
prevent further injury and aids in recovery. 


vw There are many reasons that the AIS approach is best 
suited for the clinic or the health care worker's toolbox. 


Individual Muscles of the Shoulder Girdle 

vw Trapezius is a four-sided superficial posterior muscle 
that is divided into three sections: upper, middle, and 
lower. The trapezius lifts and depresses the clavicle and 
scapula and adducts and upwardly rotates the scapula. 
Bilaterally it extends the head, and unilaterally it can ro- 
tate and laterally flex the head to the ipsilateral side. 


vw Levator scapulae lifts the scapula. It lies underneath the 
trapezius and spans from the cervical vertebrae to the 
superior angle of the scapula. 


w Rhomboids, major and minor, are deep to the trapezius. 
Shaped like a bilateral Christmas tree, the rhomboids 
connect the spinous processes of the thoracic spine to 
the vertebral edge of the scapula. Their major functions 
are adduction and downward rotation. 


w Serratus anterior runs from the upper nine ribs and in- 
serts into the anterior medial scapula. lt abducts and 
upwardly rotates the scapula. Serratus anterior is also 
an accessory muscle of respiration. 


vw Pectoralis minor is an anterior muscle that originates 
on the ribs and inserts on the coracoid process of the 
scapula. lt abducts and depresses the scapula. Pecto- 
ralis minor is an accessory respiratory muscle. 


vw Subclavius is a stabilizer and protects the sternoclavic- 
ular joint. 
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Worksheet Exercises 3. What is the joint called that connects the clavicle 
to the scapula? 


As an aid to learning, for in-class or out-of-class 
assienments, or for testing, tear-out worksheets are 
found at the end of the text, pages 519-522. 


True or False 


Write true or false after each statement. 
1. The bones of the shoulder girdle include the 4. Why do you use the serratus anterior when you 
tibia, clavicle, and humerus. flex your upper extremity in front of the body? 


2. For the shoulder girdle bones to move, the 
muscles must insert on the ulna. 


3. The pectoralis minor and serratus anterior are 
the primary abductors of the scapula for the 
shoulder girdle. 


4. The trapezius acts as its own agonist and antago- E 


i A A 4 „ Name the muscles that elevate the scapula. 
nist with the actions of elevation and depression. 


5. The scapulothoracic joint is a true synovial joint. 


6. The acromioclavicular joint is an arthrodial 
(gliding) joint. 

7. The levator scapulae and the lower trapezius lift 
the scapula. 


8. The rhomboids insert on the medial border of 6. Name the origin of the pectoralis minor. 


the scapula. 


9. The serratus anterior originates on the upper 
nine ribs. 


10. The subclavius is more of a stabilizer musele for 
the shoulder girdle than a prime mover. 

11. Strengthening the rhomboids will help correct 7. What nerve structure might be entrapped by the 
rounded-shoulder posture. pectoralis minor? 

12. By stretching the neck in lateral flexion, one can 
help stretch the levator scapulae. 


Short Answers 


Write your answers on the lines provided. 


1. Name the muscles that adduct the scapula. 8. Name the insertion of the lower trapezius. 


2. Name the gliding joint that connects the clavicle 


A ae 9. Name the origin of the levator scapulae. 
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10. What is the action of the lower trapezius that is Stiff neck muscles could be: 


; side 
the antagonist for the upper trapezius: e. the levator scapulae and upper trapezius 


f. the pectoralis minor and upper 
trapezius 


g. the levator scapulae and rhomboids 
h. none of the above 


5. The origin of the rhomboid mi is the: 
11. Name three muscles that affect posture on the 5 ala d e a Aida 


posterior shoulder. a. transverse processes of C1-C4 

b. spinous processes of C7 and Tl 
c. vertebral border of the scapula 
d. root of the spine of the scapula 


6. The trapezius can contract bilaterally 
to cause: 


12. Describe the agonist and antagonist of horizon- a 
tal flexion. i. 


„ flexion of the neck 
„ abduction of the scapula 
c. extension of the neck 


d. none of the above 


7. CETE is a modality composed of: 


a. stretching and strengthening the muscles of 
the body 


b. just stretches 
Multiple Choice 


Circle the correct answers. 


c. just strengthening 
d. therapeutic massage techniques 


1. The muscle(s) that stabilizes the sternoclavicu- 8. Muscles that cause downward rotation of the 


lar joint, assists in depression, and draws the 
clavicle down as the shoulders abduct is the: 
a. pectoralis minor 

b. subclavius 

c. trapezius 

d. rhomboids 

. The muscle(s) that often lengthens with a 
rounded-shoulder posture is the: 

a. serratus anterior 

b. upper trapezius 

c. rhomboids 

d. pectoralis minor 

„ Pectoralis minor inserts on the: 

a. coracoid process 

b. styloid process 

c. anterior ribs 3 to 5 

d. clavicle 


. The actions of the serratus anterior are: 
a. adduction and elevation 

b. elevation and depression 

c. abduction and upward rotation 

d. downward rotation and adduction 


10. 


lil 


scapula are the: 

a. pectoralis minor and serratus anterior 
b. pectoralis minor and rhomboids 

c. lower trapezius and serratus anterior 
d. subclavius and serratus anterior 


„ An accessory movement of the scapula 


could be: 


a. downward rotation 

b. upward rotation 

c. lateral tilt 

d. abduction 

The nerve that stimulates the trapezius 
is the: 

a. accessory nerve 

b. dorsal thoracic 

c. sciatic nerve 

d. brachial nerve 


The stretch reflex is known as: 


a. the Golgi tendon organ 
b. the myotatic reflex arc 
c. GTO 

d. plyometrics 
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12. Sherrington's law exemplifies which neuromus- 13. Flexibility and strengih for the entire body are 
cular principle? important for: 
a. reciprocal innervation a. athletes only 


„ children in elementary school 


b. nerve conduction b 
c. agonist contraction c. everyone regardless of sports involvement 
d. people over 50 


d. stretch reflex 


1. Locate the following prominent skeletal features c. Rhomboid major and minor 
on a human skeleton and on a subject: d. Levator scapulae 
a. Scapula: e. Pectoralis minor 
1. Medial border 3. Palpate the sternoclavicular and acromioclavicu- 
2. Inferior angle lar joint movements and the muscles primar- 
3. Superior angle ily involved while demonstrating the following 
4. Coracoid process shoulder girdle movements: 
5. Spine of the scapula a. Adduction 
6. Glenoid cavity b. Abduction 
7. Acromion process c. Rotation upward 
8. Supraspinatus fossa d. Rotation downward 
9. Infraspinatus fossa e. Elevation 
5 Claviele. f. Depression 
1, Sternal end 4. Locate the origins and insertions of the muscles 
2. Acromial end of the shoulder girdle on a skeleton and on a hu- 
man subject. 
c. Joints: 
1. Sternoclavicular joint 5. Muscle analysis chart: Fill in the chart below by 
2. Acromioclavicular joint listing the muscles primarily involved in each 
movement. 
2. Palpate the following muscles on a human subject: 
a. Serratus anterior 
b. Trapezius 
Abduction 2 Adduction 
Elevation : Depression 


Upward rotation : Downward rotation 
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6. Antagonistic muscle action chart: Fill in the chart 
below by listing the muscle(s) or parts of mus- 
cles that are antagonists in their actions to the 
muscles in the left column. 


Agonist Antagonist 


Serratus anterior 


Trapezius (upper fibers) 


Trapezius (middle fibers) : 


Trapezius (lower fibers) 


Rhomboid 


Levator scapulae 


Pectoralis minor 


Dimensional Massage Techniques 
for the Shoulder Girdle Muscles 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


5-1 Define key terms. 
5-2 List goals of individual techniques. 
5-3  Describe deep-tissue therapy. 


5-4 Give examples of some general principles of 
body mechanics. 


5-5 Practice safe body mechanics. 


5-6  Demonstrate specific techniques on shoulder 
girdle muscles. 


Body mechanics Deep transverse 


: friction 
Compression j 
KEY SN RI ȘI Dimensional massage 
ross-fiber friction 
TERMS therapy 


Deep-tissue therapy Elliptical movement 


Functional unit 


Jostling Splinting 


5-7  Incorporate dimensional massage therapy 


techniques in a regular routine or use them 
when needed. 


5-8  Identify two underlying principles for the 


theory of dimensional massage. 


5-9  Determine safe treatment protocols and refer 


clients to other health professionals when 
necessary. 


Parallel thumbs Technique goals 


Ischemic compression  Sequence Treatment protocol 


Trigger point release 
Trigger points 


Myofascial stretches Stripping 


Introduction 


Although nothing can replace the kinesthetic quality 
of touch, it is important to learn about the body, its 
structure, and its functional foundation. The more 
knowledge a student retains about how the muscles 
work, where they are located, and how they are at- 
tached, the more she will be able to demonstrate crit- 
ical thinking in a therapeutic setting. For the student, 
there are two very significant principles of motion: 


e Agpregate muscle action: Muscles work in 
groups and in paired opposition. 
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e Lawofreaction: For every action there is an 
opposite and equal reaction. 


As discussed in Chapter 2, muscles perform spe- 
cific roles in relation to the typical diarthrodial 
joint. Agonists and antagonists are both prime 
movers, but they oppose each other and are usually 
located on opposite sides of the joint; synergists as- 
sist; stabilizers protect the joint in movement and 
allow other muscles to function; and neutralizers 
resist actions or act as brakes to stop motion. All 
of these actors practice as the muscles pull on the 
bones to move the joints. Range of motion, or the 
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joint's ability to function within its complete range, 
is dependent on the functional unit: muscles co- 
operating to work in groups and in paired opposi- 
tion. A practitioner cannot ignore the work that the 
synergists perform or contribute to a joint's range 
of motion or to the stabilizers protecting the joint. 
When a muscle is injured, the remaining areas of 
the functional unit have to compensate for the less 
than normally functioning actor. It does not take 
long for the whole joint to debilitate. Treating the 
whole joint and all the muscles involved in the 
functional unit is a dimensional approach. 

As the manual therapist works to unwind the 
soft tissue in an area of the body, she needs to be 
aware of which actions a client performed to over- 
load the muscles, which joints are involved, and 
how the joints and muscles are dependent on each 


other for movement and stability. A practitioner al- 
ways works on the muscles that operate together 
to provide the action and makes sure that the op- 
posing muscles were not shortened or lengihened 
in the process of whatever repetitive action or in- 
jury took place. The shoulder girdle and shoulder 
joint are so dependent on one another that if a soft- 
tissue problem of the shoulder joint muscles exists, 
the shoulder girdle muscles are apt to be very tight, 
even splinting the problem in the shoulder joint. 
Splinting is a supportive action that a muscle or 
muscles may perform so that another joint and 
group of muscles can function appropriately. The 
splinting muscle may contract isometrically or 
dynamically. To treat all the offending soft-tissue 
structures, a therapist must explore the entire ki- 
netic chain right up to the head, neck, and trunk. 


Treatment Protocol 


This book assumes that the student has learned how 
to perform an appropriate intake, including a medi- 
cal history, client interview, and appropriate SOAP 
notes, and has had practice observing posture, gait, 
and the exploration of range of motion of joints. The 
treatment protocol below is a synopsis of an overall 
approach to a massage session. 


Technique Goals and the Mystery 
of Deep-Tissue Therapy 


Technique goals are the outcomes expected from 
choosing techniques for a particular purpose; because 
each person is unique, treatment goals should be based 


TREATMENT PROTOCOL 


* Take the client's medical history, interview the client, and 
record SOAP notes. 


*  Observe postural assessment, gait, and the range of motion 
of joints. 


+ Perform palpation. 


*  Passively shorten muscles and/or position shoulders and 
scapula whenever possible. 


e Work superficial to deep. 
* Release hypertonic muscles. 


on the clients individual needs. A therapist's goals are 
to lengthen, separate, lift, and broaden fibers to release 
hypertonicities, increase range of motion, reduce pain 
and/or discomfort, increase circulation, and help re- 
lieve any joint restrictions. This book assumes that the 
student has practiced Swedish techniques (also called 
classical Western), such as effleurage, petrissage, fric- 
tion, tapotement, vibration, and nerve strokes and that 
they require no further definition. Proficiency comes 
with practice; however, for a review of Swedish tech- 
nique definitions, refer to the Glossary. 

Deep-tissue therapy is simply a series of specific 
techniques designed to unwind the soft tissue in a par- 
ticular pattern or sequence with an end result that in- 
cludes meeting specific goals. Deep does not necessarily 
mean a lot of pressure; rather, it means more appropri- 
ate pressure that is determined by palpation and the 


* Use dual-hand distraction methods when possible. 


e Work individual muscles, their attachments, synergists, 
stabilizers, and antagonists; study the functional unit. 


* Do not overwork areas. 
* Dotrigger point work last on passively shortened muscles. 
e Stretch tissue and joints as appropriate. 


* Discuss additional massage sessions and suggested self- 
help measures. 


+ Refer to other health professionals when necessary. 
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clients need. Using deep-tissue techniques means that 
the practitioner is not randomly using a sequence but is, 
instead, critically thinking about a specific result. Com- 
pressive effleurage is an example of a valuable deep- 
tissue technique. Deep-tissue techniques do not have to 
be complicated; they are simply additional techniques 
that could be pari of every practitioner's tool belt. Be- 
cause each client is unique and has his own set of inju- 
ries, chronic and/or repetitive conditions, and specific 
structure, the same set of techniques is not likely to 
work on everyone. Practitioners need to practice with 
a wide variety of techniques and modalities in order to 
serve the tremendous variations they will inevitably find 
in their clients. The success of a practitioner's session 
depends on the critical use of her therapeutic skills. 

Before beginning with the sequence itself, students 
are encouraged to read the following definitions, as 
well as “Sequence” later in the chapter, for more in- 
formation on how to use the techniques in an orderly, 
intelligent fashion. 

Dimensional massage therapy is a philosophical 
approach to therapy that is based on science, struc- 
ture, and soft-tissue functions and that uses a variety 
of techniques for the client's benefit. 


DEEP-TISSUE TECHNIQUES 


Jostling rattles the fibers back and forth and is a 
form of vibration. Grasp the muscle loosely clos- 
est to the origin, apply a slight traction, and shake 
toward the insertion. For a better grasp of the 
tissues, do not use lubrication. 


Compression efficiently speeds circulation to the 
area when executed correctly. This stroke can be 
combined with petrissage to make a dual-hand 
distraction technique. Press the muscle and soft 
tissue straight down against the bone, flattening 
and spreading tissues repeatedly with the palm 
and heel of the hand. Make sure that the surface 
is not slippery when applying compression. 


Stripping is a deep-tissue technique that lengthens 
fibers and empties or pushes fluids. Place your 
thumb or forefinger of one or both hands at the 
distal end of the muscle and then slowly and 
deeply glide along the length of the muscle toward 
the origin. Use a minimal amount of lubrication. 
This technique should be used intelligently in the 
order of a sequence. 


Deep transverse friction, or cross-fiber friction, 
is useful at tendinous attachments for releasing 
spasms and reducing adhesions; it can often be 
substituted with digital circular friction. Apply the 
technique against the fibers at a right angle with the 
fingers or thumb, using enough pressure to sepa- 
rate and flatten the fibers. Be careful, as the tech- 


nique may be painful. Adjust pressure, and use the 
technique appropriately in the order of a sequence. 
(Note to students: This technique should be prac- 
ticed only under the supervision of an instructor.) 


Myofascial stretches are a series of techniques 
designed to stretch and warm up the tissues. The 
fascia is literally pulled off the structures in a 
rhythmic pace. As the fascia warms, it becomes 
more pliable, stretchy, and less “stuck” to the 
underlying soft tissue. Myofascial stretches are 
usually performed with little to no lubrication. 


Elliptical movement is an alternating clockwise 
and counterclockwise distraction movement 
sometimes executed on joints such as the shoul- 
der girdle and done most often while the therapist 
is engaged with muscles. The two alternating 
directions release any tension the client may be 
holding onto; this is because the client cannot 
focus on the direction of the movement and hold 
the tension at the same time. For a better grip, try 
to use this technique before applying lubrication. 


Trigger points are irritated or hyperactive areas, 
often located in hypertonic tissue, that are either 
active (refer pain to a specific area) or latent (have 
a positive reaction to pain in the area of the trig- 
ger point). Sometimes trigger points form palpable 
nodules, but most often the therapist must rely on 
client feedback. Sarellite trigger points are often 
located in functional units of synergistic muscles. 
Ischemic compression, or trigger point release, 
applies digital pressure, whereas a pincer palpa- 
tion places the tissue between the thumb and the 
forefinger. The purpose of the digital pressure is 
to try to interrupt the pain pattern by robbing the 
tissue of oxygen for a short period of time. (Note: 
This book does not offer an exhaustive study on 
trigger points. Students seeking complete informa- 
tion about trigger points and treatment options for 
them should refer to books devoted to that topic. 
See Appendix A for suggested texts.) 


Parallel thumbs is a deep-tissue technique executed 
by alternately applying pressure with the thumbs 
in a rolling-over motion. The thumbs face and are 
parallel to each other; they should be at a right 
angle to the muscle fibers. 


Sequence 


Sequence is a specific series of techniques chosen to ac- 
complish a particular goal in a session. It is determined 
by the clients medical history, the structure, and the 
area of the body needing the work. Evaluation of pres- 
sure and technique may be determined by the stage of 
the condition: acute, subacute, or chronic. Therapists 
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A Few Words about Body Mechanics 


How many treatments does a massage therapist complete in a day, 
week, month, or year? It would be easy to add them up, but the 
equation of repetitive action times the amount of clients some- 
times equals injury instead of a successful practice. Fortunately, 
good body mechanics that utilize ergonomically safe methods and 
practices to execute techniques can prevent injury, support self- 
care, provide balanced energy, and promote a long career in the 
massage therapy industry. 

Practicing aikido, a special form of martial arts, teaches bal- 
ance, the location of one's center of energy, and effortless move- 
ment. Applied to massage therapy, aikido teaches the therapist 
how to utilize the body's momentum for strengih by applying an 
Eastern philosophy to a Western style of bodywork so that, ulti- 
mately, the massage therapist sinks into the soft tissue rather than 
pressing into it. Achieving and practicing good body mechanics is 
actually quite easy. Lower the massage table to enable your finger- 
tips to just brush the top of the table when you are standing by its 
side. Remember that adding a person to the table means you will 
actually be working higher. The larger the person, the lower the 
table has to be set. If a client requires a side-lying position, the 
table should be adjusted to an appropriate lower level. 

Aikido teaches that when the body moves, it should be relaxed, 
and that strength is not in how much force one uses but is in how îhe 
body's momentum is utilized. It is a silent strength that comes from 
balance and movement from the center of one's energy. The “center” 
of energy in the abdominal area is a Japanese concept referred to as 
the hara. Shiatsu (the Japanese rendition of acupressure), aikido, 
and other modalities and martial arts utilize this philosophy. The en- 
ergy itself is called chi (Chinese) or ki (Japanese). How a person 
directs her ki forms the basis of her body mechanics. 

Here are some general principles of good body mechanics: 


e Always keep your back as straight as possible. As soon as you 
find yourself bending at the waist, your body mechanics have 
been compromised. 


* Always move with your technique, using the momentum of 
movement to assist in the action. Your ki will follow your 
momentum as long as you are in balance. For effleurage of the 
extremities, for example, keep your back straight and lunge 
with your lower extremities, using mostly the quadriceps for 
strength. Relax your hands, and use your body weight over 
your hands to sink into the soft tissues as your momentum 
carries you forward. 


* Always maintain balance so that you do not fall over if you 
need to step back for a moment. 


e When you are standing straight, bend your knees so that 
movement is easier and springier. 


e Stay over your hands as much as possible. As soon as your 
hands are reaching out in front of your body (a position known 
as the “Superman complex”), you have lost the center of bal- 
ance and have no body strength to support the technique. 


* Relax your thumbs, hands, and arms between techniques. 
Bodyworkers tend to hurt themselves with the repetitive 
holding of tension in their hands and arms. Do not hold 
your fingers or thumbs in extension while you are executing 
techniques. 


* Always place your feet in the direction you are headed so that 
your body can move in that direction efficiently and easily. 


* Try notto press into sofi-tissue structures. Lean or sink into 
the tissues with your body weight. Ki extends from ihe center 
of your body, allowing you to move into the tissues. You will 
be surprised at how much deeper the tissues will allow you 
to go when you do not force your way into their fibers. It is a 
myth that one must be Hercules to do bodywork! Too much 
pressure applied incorrectly will cause discomfort and invoke 
immediate instinctive tension in the client's tissues. If you do 
not have passive tissues to work with, it is very difficult to get 
an effective result. 


* Never sacrifice yourself to a technique or to the client's 
structure. 


+ Breathe. Students often forget the importance of breathing. 
Breathing is rhythmic, it silently teaches grace, promotes 
relaxation, and makes centering easier. 


e Center yourself often. Remember that the person on the table 
has engaged your services. Thus, you need to be “present” for 
that person. 


If you have no experience with any martial arts, ta; chi will add 
to your practice by helping you to understand energy, discipline, 
balance, and movement. Tai chi is meditation, grace, and dance. 
It is good for the soul. In Care of the Soul, Thomas Moore says, 
“Care of the soul requires crafi—skill, attention, and art. To live 
with a high degree of artfulness means to attend to the small things 
that keep the soul engaged in whatever we are doing.” Massage 
therapy is the art of touching other human beings; thus, therapists 
are engaged in a relationship of response. It is the therapists' ethi- 
cal duty to prepare themselves well and practice self-care. Paying 
such attention to your craft will feed your soul. 

Good body mechanics are the basis of your success with any 
type of bodywork. Having someone videotape you working will 
help you determine whether your body mechanics are still in good 
form. Are your shoulders elevated while you work? Are you bend- 
ing over at the waist? More to the point, does your back hurt? Do 
your forearms or hands hurt anywhere? If the answer is yes to 
any of these questions, you need to revisit your body mechanics 
and take a critical look at how you are executing your techniques. 
Becoming a “wounded healer” makes it very difficult, if not impos- 
sible, to continue in your chosen profession. 

If you are already injured, seek a diagnosis and appropriate 
care. 


104 part2 Upper Extremities 


should never dive into the structure. Rather, they should 
use superficial strokes to experiment with various pal- 
pation skills and to prepare the involved joint or joints 
for further deep-tissue techniques. Unwinding an area 
involves patience, structural knowledge, and intelligent 
use of a sequence of techniques. Warm-up techniques 
include an efficient use of effleurage and myofascial 
stretches. Depending on the problem, therapists might 
begin with techniques that require no lubrication. If 
possible, they should place the body part and muscle in 
a passively shortened position. 

Some of the techniques described below will be old 
friends from previous technique courses. Use them 
wisely, and combine them with newer techniques to add 
variety, flow, and skill to your repertoire. Remember 
that all parts of the body are connected entirely: When 
a technique is not working on a specific muscle group, 
the problem may not be the technique—it may be the 
opposing muscles that are causing restrictions and pre- 
venting complete relaxation, or it may be another area 
of the body. For example, many people have back and 
neck conditions from flat feet and gait issues. 

The shoulder girdle surrounds the body and pro- 
vides the mechanism for attachment that allows 
muscles to connect to the head and neck and gives 
the upper extremity free movement with the ball-and- 
socket joint. Sequentially it makes sense to start the 
client in a supine position to utilize the head to assist 
with passively shortening muscles efficiently. 

The following sequence should give a solid basis 
for unwinding the shoulder girdle muscles and set- 
ting up a foundation for working on other areas of the 
body. Chapter 14 presents postural perspectives and 
additional techniques for the head and neck area. 


Dimensional Massage Therapy for 
the Shoulder Girdle Muscles 


SUPINE POSITION 


Slide the clients shoulders superiorly to passively 
shorten the upper and middle trapezius. Test the tra- 
pezius for relaxation. 


Effleurage around Shoulders 


Use lubrication with this effleurage technique. Stand 
with one foot in front of the other at the head of the 
table. Place your hands just below the clients clavicle, 
facing your fingers of both hands toward the stermnum. 
Follow the line of the clavicle, and stroke around the 
deltoids and up the back of the trapezius to the oc- 
cipital ridge. Give a slight traction at the end of the 
stroke. Really feel the shape of the pectoralis major, 
and sink into the tissue there as you begin this stroke. 
Use your body weight. Lighten your pressure around 


FIGURE 5.1  Effleurage around shoulders 


FIGURE 5.2  Petrissage of the trapezius 


the shoulder joint, and use your backward momen- 
tum to help draw your hands to the back of the neck. 
Repeat several times. (See figure 5.1.) 


Petrissage of the Trapezius 


Petrissage the clients trapezius, alternately mov- 
ing your whole body and keeping your forearms in 
alignment with your hands. While bracing the head 
with your other forearm, petrissage one side of the 
trapezius at a time. Repeat on the other side. Re- 
member to relax your hands after the completion of 
each technique. (See figure 5.2.) 


Closed-Palm Shaping 


With the dorsal side ofyour hand, make a relaxed, loose 
fist, engage the clients trapezius, and stroke superiorly 
and inferiorly, posterior to sternocleidomastoid. Sup- 
port the head on the opposite side with your forearm 
while you complete the stroke. Try to keep the head 
in a fairly neutral position, and use care, as always, to 
engage the tissues with an appropriate amount of pres- 
sure. Repeat on the opposite side. (See figure 5.3.) 
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Closed-palm shaping of the trapezius 


Alternating-Hands Neck Stretch 


Stari at the base of the neck (C7), and cup the cervi- 
cal spine with one hand; the spine should be nesiled 
between your thumb and index finger. As you stroke 
superiorly toward the C1 area, the other hand takes 
the place of the first hand, alternating and repeating 
the stretch stroke. The client's neck should arch in this 
technique, but the head should remain on the table. 
Again, the hands are in a straight line with the fore- 
arms. Do not compromise your wrists to complete the 
technique. (See figure 5.4.) 


Cup-Stripping the Upper Trapezius 


Place one hand under the clients head to give you ac- 
cess to the neck. Arch the neck, pointing the client's 
chin in the air. With your other hand, straddle the cer- 
vical spine with your index finger and thumb. Lift the 
head slightly, and glide down the upper trapezius to 
the 7ih cervical. Repeat. This should be a fluid move- 
ment. (See figure 5.5.) 


Alternating-hands neck stretch 


Cup-stripping the upper trapezius 


Edging the Upper Trapezius 


Stand at the head of the table behind your client, 
who is in a supine position. Bend the clients elbow 
to passively shorten the upper trapezius. For the lefi 
upper trapezius, place your right hand under the cli- 
ent's neck, and engage the edge of the upper trapezius 
at the occiput on the side you intend to stretch. Place 
your left thumb on the clients left upper trapezius 
close to the insertion at the clavicle, and draw your 
hands away from each other, stretching the trapezius 
in opposite directions. Be careful to use slight to no 
lubrication with this technique. Repeat with the other 
side, exchanging hand positions. (See figure 5.6.) 


Edging the upper trapezius 
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Neck stretch to side 


Neck Stretch to Side 


Rotate the clients head to the side. Standing on the 
opposite side of the table (facing the clients face), 
place one hand on the shoulder and one hand on the 
back of the head. Glide the hand from the shoulder to 
the head. Take the other hand off the head, and place 
it on the shoulder. Stretch, glide, stretch. Do not bend 
the ear. (See figure 5.7.) 


Opposite-Side Petrissage of the Trapezius—Comb 
the Trapezius 


Standing to the side of the table, place your inferior 
hand under the clients head and grasp the opposite 
trapezius. Your fingers will comb and pull on the tra- 
pezius while your thumb completes a circular fric- 
tion between the spine and the scapula. Your superior 
hand should brace the head while you complete the 
technique. (See figure 5.8.) Repeat the neck stretch 
and this technique on the opposite side. 


Opposite-side petrissage of the trapezius 


Hands under back 


Hands under Back 


This technique connects the lower trapezius with the 
upper trapezius and lengthens fibers of the erectors. 
Place your hands under the clients back, and push 
down on your forearms to slide down to the lower tho- 
racic spine. Stroke superiorly in any combination of ef- 
fleurage, vibration, or circular friction. End with a litile 
traction on the occipital ridge. Keep your fingers stiff for 
extra pressure. Repeat several times. (See figure 5.9.) 


Head Rock 


With the clients head in the palms of your hands, 
slightly push on the head with your palms; the chin 
will lift. Retract the head with your fingertips by grasp- 
ing the occipital ridge and bringing the chin back in. 
Repeat a few times slowly and with an even rhythm. 
(See figure 5.10.) 


Head-Forward Stretch with Breath 


Have the client inhale. On the exhale, lift the head 
forward in a slight passive flexion stretch, slowly and 
carefully. Ask the client to signal when she feels the 


Head rock 
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stretch. Gently and slowly lower the head to the table. 
Finish with an effleurage around the shoulders and a 
slight traction to the occipital ridge. 


PRONE 


Myofascial Stretches and Techniques 


Picking up the fascia and releasing it from underlying 
structures provides a unique opportunity for deep-tissue 
work. Technique 1: Push the fascia in a clockwise man- 
ner with one thumb into the opposite hand as it gathers 
the tissue between the thumb and the forefinger. All the 
fingers of the gathering hand should help with the mo- 
mentum of the stroke. Technique 2: Pick up the tissue 
with the fingers of both hands in a slight half-moon, and 
draw it over the thumbs as the thumbs press forward 
toward the fingers. Both of these techniques are done 
repetitively over a region. (See figures 5.11 and 5.12.) 


Myofascial warm-up technique 


Myofascial pull on the upper trapezius 


Myofascial Stretch on the Upper Trapezius 


Stand facing the clients side. Straddle the clients 
neck with your thumbs parallel to each other on 
the closest side of the upper trapezius. Brace your 
thumbs on the closest side, and draw the tissue over 
your thumbs with the fingers from the opposite side 
of the upper trapezius. Repeat several times. (See 
figure 5.13.) 


Myofascial Stretch on the Middle Trapezius 


Stand facing the client's side. Grasp the opposite side 
of the middle trapezius, bracing your thumbs on the 
dorsal side. Draw the tissue over your thumbs with 
the fingers from the ventral side of the trapezius. Re- 
peat several times. (See figure 5.14.) 


Myofascial pull on he middle trapezius 
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Movement 1 


Range of Motion for the Shoulders 


This is passive movement that will interact with the 
shoulder joint and shoulder girdle. Keep the move- 
ment easy, simple, and fluid. This is a simple tech- 
nique that becomes a sequential automatic function. 
With the client prone, stand facing one upper extrem- 
ity at the side of the table. Bend your knees slightly, 
and widen your leg stance. Keep your back straight. 
Pick up the clients arm just above the elbow with 
both of your hands. The forearm and hand will hang 
off the table. 


1. Swing the arm passively in a back-and-forth 
motion (figure 5.15). Continue to hold and swing 
the arm, and with your hand that is closest to the 
client's feet, catch the clients ventral wrist. 

2. Circulate the arm, first in one direction and then 
in the opposite direction, by leading with the el- 
bow and guiding with the wrist. (See figure 5.16.) 


Movement 2 


€ | 


Movement 3 


3. Place the wrist on the table so that the elbow is 
bent out from the table. Place your hand that 
is closest to the clients feet on the inside of the 
arm grasping the biceps. Take your other hand 
and grasp the deltoid area. Alternate movement 
of the inside hand and deltoid hand in a one-two 
motion. (See figure 5.17.) 


4. Draw the upper extremity down by the client's 
side. Place one hand underneath the shoulder 
and one on the dorsal side of the joint. Passively 
move the entire shoulder first ventrally in a 
circle and then dorsally in a circle. Repeat these 
motions until they blend quickly into each other 
and are done fluently and without effort. This 
takes a little practice. (See figure 5.18.) 


Elliptical Movement of the Entire Scapula 


Stand on the opposite side of the table. Place your 
superior hand on the middle trapezius above the 


Movement 4 
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+ 
Elliptical movement of the entire scapula 


spine of the scapula, with the thumb dorsal side up. 
Grasp the teres major-latissimus area with your in- 
ferior hand, with the thumb dorsal side up. Alter- 
nately rotate the shoulder by passively moving it first 
clockwise and then counterclockwise repetitively. 
Another option is to draw the vertebral side of the 
scapula over the thumbs in this position. Variation— 
rwo-hand elliptical: Anchor your hands on the back 
and engage the muscles in alternate directions. (See 
figure 5.19.) 


Jostle and Stretch the Upper and Middle Trapezius 


Facing the client at a right angle, grasp the upper and 
middle trapezius on the shoulder closest to its ori- 
gin loosely with your thumb on the dorsal side and 
your fingers on the ventral side. Slightly traction the 
muscle, and shake with a drag toward its insertion. 
Repeat several times. (See figure 5.20.) 


Compress the Rhomboids 


Where you stand often depends on the size of the cli- 
ent. For this technique, position your hand so that 
your palm rests lightly on the rhomboid closest to 
you and your fingers rest lightly over the spine. Flat- 
ten the rhomboids with a pumping action of your 
wrist repeatedly, with the palm and heel of your 
hand. Be careful not to use the edge or bony part of 
your palm as doing so could potentially hurt the cli- 
eni. (See figure 5.21.) 


Effleurage and Circular Friction 


Apply regular Swedish techniques. Continue to deepen 
your effleurage to a compressive stroke. Friction: Using 
the entire ventral surface of your hands, broadly sweep 
in a circular motion; move one hand clockwise and 
move the other hand counterclockwise over the ex- 
panse of the back. 


Jostling the middle trapezius 


Alternating Petrissage of the Upper and Middle 
Trapezius and Compression of the Rhomboids 


This is a dual-hand maneuver. Depending on the size 
of your client, stand on the same side or opposite side 
of the table. Place the hand closest to the head on the 
trapezius and the other hand over the rhomboids. Al- 
ternately petrissage the trapezius and compress the 
rhomboids. (See figure 5.22.) 


Claw-Strip the Rhomboids 


Place your curled fingers at the origin of the muscles 
at the spinous processes on one side of the clients 


Compression of the rhomboids 
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Alternating petrissage of the upper and middle 
trapezius and compression of the rhomboids 


body. Apply pressure with your other hand by placing 
iton top ofthe hand that is already in position on the 
rhomboid. Draw both hands toward the insertion of 
the muscles on the vertebral side of the scapula. You 
are essentially stripping the fibers, so keep a steady, 
even pressure as you draw your fingers toward the 
insertion of the muscles. (See figure 5.23.) 


Deep Transverse Friction of the Interspinales 
between the Spinous Processes 


Place your thumbs between the spinous processes of 
thoracic 12 (T12) and thoracic 11 (T11). Make a half- 
circular motion with your alternating thumbs as you 


DP d 


Deep transverse friction of the interspinales 


travel in a superior direction up the spine. Keep the 
stroke fluid and continuous. (See figure 5.24.) 


Straddle the Spine and Claw Down the Spine 
with Support over the Fingers 


Stari at about C7 if possible, and straddle the spine 
with the fingers of one hand. Place your other hand at 
a right angle over the hand in position on the spine. 
Slowly drag your fingers down the spine to the lum- 
bar region. Effleurage superiorly up the back and re- 
peai. (See figure 5.25.) 


Strip the Levator 


Stand to the side of the table, and place your closest 
hand on the top of the shoulder, depressing it slightly. 
Place your thumb of your opposite hand on the in- 
sertion of the levator. Strip toward the origins of the 
muscle with a little bit of lubrication. Repeat four 
times going toward each origin (C1-C4 transverse 


Claw-strip of the rhomboids 


Straddling the spine and clawing down 
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Stripping the levator scapulae 


processes). Be careful not to press hard on CI, as it 
moves easily. (See figure 5.26.) 


Anchor and Stretch the Upper and 
Middle Trapezius 


Stand to the clients side, facing the head. Place your 
inside hand with your thumb on the upper trapezius 
at the base of the skull. Grasp the middle trapezius 
with your other hand, and stretch the two hands 
away from each other, stretching the trapezius. (See 
figure 5.27.) 


Deep Transverse Friction of the Rhomboid Insertion 


Open the shoulder region as you normally would to 
apply pressure on the muscles in the medial vertebral 
region of this bone. As you brace the ventral side of 
the shoulder with one hand, apply steady pressure 
with the thumb of your other hand to the vertebral 


Deep iransverse friction of the rhomboid inseriion 


border of the scapula. Start inferiorly and move supe- 
riorly. (See figure 5.28.) 


Parallel Thumbs on the Lower Trapezius 


Locate the lower trapezius closest to the lowest 
thoracic attachment. Place your thumbs facing and 
parallel to each other and proceed to apply pressure 
alternately, first with one thumb and then the other, 
as one thumb replaces the other in the thumb-over- 
thumb movement. Move toward the vertebral bor- 
der and the root of the spine of the scapula. (See 
figure 5.29.) 


Locate Trigger Points 


Passively shorten the muscle, if possible. Determine 
whether the trigger points are active or latent. Deter- 
mine pressure tolerance. Apply tolerable pressure until 
either there is a release or you have spenit enough time 
on the area. Remember to use the clients breathing 


Anchoring and stretching the upper and middle 


trapezius 


Parallel thumbs on the lower trapezius 
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with the application of pressure. Stretch the tissue 
after applying pressure. 


Serratus Anterior Trigger Point 


Locate the trigger point in the axilla region between 
the ribs; apply tolerable pressure to this point as the 
client exhales. Stretch the tissue. See Chapter 7 for 
technique directions for the serratus anterior in the 
side-lying position. 


Claw-Strip the Serratus Anterior and Intercostals 


between the Ribs 


Stand on the opposite side of the table, and sepa- 
rate your fingers (with one hand on top of the other) 


Introduction 


w Dimensional massage therapy is a philosophical ap- 
proach to therapy that is based on science, structure, 
and soft-tissue functions and ihat uses a variety of 
techniques for the clients benefit. Two underlying prin- 
ciples of motion are important to remember with dimen- 
sional massage therapy: (1) aggregate muscle action: 
Muscles work in groups and in paired opposition; and 
(2) the law of reaction: For every action there is an op- 
posite and equal reaction. 


vw Muscles perform roles in the functional unit. Agonists, 


antagonists, synergists, stabilizers, and neutralizers 
make up a functional unit. 


Treatment Protocol 


vw A treatment protocol is a synopsis of an overall ap- 
proach to a massage session. 


v It must be based on a medical history, interview and 
SOAP notes, structure of the client, observation skills, 
palpation, and a dimensional approach to treatment. 


Technique Goals and the Mystery of Deep-Tissue Therapy 

vw Each technique that is chosen for use in a sequence 
has a purpose. Practitioners should be familiar with the 
use and purpose of each technique to obtain a particu- 
lar goal or outcome. 


vw Deep-tissue therapy is a series of techniques executed 
on soft tissue for a specific outcome. 

v Deep-tissue techniques include, but are not limited to, 
jostling, compression, stripping, deep transverse friction, 


between the ribs. Draw them toward your body from 
ventral to dorsal. Repeat several times. 


Vibration and Friction 


These techniques should be interwoven within the 
above routine. For example, one can vibrate down the 
spine instead of gliding. Intersperse vibration after 
deep work to add variety to applied techniques. Make 
a habit of locating attachments, and apply deep trans- 
verse friction or digital circular friction to them. 

Techniques for the pectoral region and serratus 
anterior are included in Chapter 7. Chapter 14 has 
additional techniques for the soft tissue of the head 
and neck. 


circular friction, myofascial stretches, elliptical movement, 
ischemic pressure and pincer palpations for trigger point 
therapy, parallel thumbs, and dual-hand distraction com- 
binations. 


vw The therapist must practice safe body mechanics when 
performing a sequence of techniques. 


w To avoid injury, the therapist must use the correct posi- 
tioning to apply the techniques, adjust the table to the 
correct height, stay in balance during the session, and 
use body weight and momentum to execute the tech- 
niques. 


w Practitioners must always practice safe body mechan- 
ics, or they risk sustaining an injury. Wounded healers 
are clients, not practitioners. 


Sequence 

vw Always use treatment protocols to determine the se- 
quence of a therapeutic session. 

v Use warm-up techniques first, and determine pressure 
intelligently. 


v Follow a dimensional approach, and critically think 
about the involved joints and kinetic chain. 


Dimensional Massage Therapy for the Shoulder 

Girdle Muscles 

w Try the supine position first to efficiently prepare the 
neck and shoulder muscles for further work. 

vw Prone techniques assist with further unwinding of the 
shoulder girdle muscles. 
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True or False 4. Define jostling, compression, stripping, deep 
transverse friction, myofascial stretches, ellipti- 
cal movement, trigger points, ischemic pressure, 
pincer palpation, and parallel thumbs. 


Write true or false after each statement. 


1. Synergists assist only antagonists. 


2. Myofascial techniques can help to warm up and 
loosen soft tissue. 


3. Jostling is a form of ischemic pressure. 


4. Compression should be accomplished with a soft 
hand flattening out the tissue in a pumping ac- 
tion of the wrist. 


5. Medical history, interview, and SOAP notes are 
all part of the treatment protocol. 


6. Deep-tissue therapy is only trigger point therapy. 


7. Lt isa good idea to use a lot of pressure on the 
rhomboids because the soft tissue is so thick. 


8. Ii is necessary to passively shorten muscles for 
more immediate results with techniques. 


9. For good body mechanics, practitioners should 
set the table higher than their waist. 
10. Deep transverse friction strokes are in the direc- 
tion of the fibers. 


5. How does a practitioner determine an appropri- 
Short Answers ate sequence for a massage session? 


Write your answers on the lines provided. 


1. List two principles that assist in critical thinking 
for practicing a dimensional approach to mas- 
sage therapy. 


Multiple Choice 


Circle the correct answers. 


1. Ii makes sense to unwind the trapezius first. 


a. upper 
b. lower 
c. middle 
d. none of the above 


2. Give examples of agonists, antagonists, syner- 
gists, and stabilizers of the shoulder girdle. 


2. Muscles work in groups and in opposition. 


a. singular 
b. paired 
3. List some components on which treatment pro- c. no 
tocols of a session should be based. d 


„ none of the above 


3. Sequence is: 


a. a specific series of techniques chosen to ac- 
complish a particular goal in a session 


b. a haphazard approach to massage 
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c. not necessary 
d. determined by guesswork 
4. A medical history is: 
a. never necessary 
b. a part of treatment protocol 
c. a ridiculous idea 
d. only necessary if the client is seeing a physician 
5. Stripping: 
a. is a technique that shortens fibers 
b. is never necessary 
c. is a deep-tissue technique that lengthens fibers 
d. can always be used first 
6. Claw-stripping can be easily used on the: 
a. levator scapulae 
b. rhomboids 
c. biceps 
d. pectineus 


7. Body mechanics: 


a. that utilize ergonomically safe methods to 
execute techniques can prevent injury, sup- 
port self-care, provide balanced energy, and 
promote a long career in the massage therapy 
industry 


1. Palpate bony landmarks of the scapula and 
clavicle on a partner. 


2. Palpate the origin and insertions of the shoulder 
girdle muscles on a partner. 


3. Demonstrate how to passively shorten the upper 
and middle trapezius. 


4. Demonstrate some principles of safe body me- 
chanics while you perform massage techniques. 


8. 


10. 


b. decribe how to fix a car 

c. are never useful 

d. do not help therapists stay in the field 

The coracoid process is palpable on the ____ side 
of the body. 

a. posterior 

b. lateral 

c. medial 

d. anterior 


. The upper and lower trapezius act as agonist 


and: 

a. antagonist 

b. stabilizer 

c. synergist 

d. none of the above 
People often carry their tension in the ____ 
trapezius. 

a. lower 

b. middle 

c. upper and middle 
d. upper 


„ Demonstrate warm-up techniques without lubri- 


cation. 


. Practice deep-tissue techniques individually and 


in a sequence on a willing participant. 


The Shoulder Joint 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


6-1 Define key terms. 

6-2 Identify on a human skeleton or human 
subject selected bony structures of the 
shoulder joini. 

6-3 Labelon a skeletal chart selected bony 
landmarks of the shoulder joint. 

6-4 Draw on a skeletal chart the muscles of the 
shoulder joint and indicate, using arrows, 
shoulder joint movements. 

6-5 Demonstrate with a partner all the movements 
of the shoulder joints. 

Adhesive capsulitis Frozen shoulder 

Aponeurosis Glenohumeral 
KEY Coracobrachialis Glenoid labrum 
TERMS 


Deltoid Humerus 


6-6 Describe how movements of the scapula 
accompany movements of the humerus in 
achieving movement of the entire shoulder 


complex. 


6-7 Explore the origins and insertions of the 


muscles of the shoulder joint on a partner. 


6-8 Organize and list the muscles that produce 
the movements of the shoulder girdle and the 


shoulder joint. 
6-9 Practice flexibility and strengthening exercises 


for each muscle group. 


Infraspinatus Subscapularis Teres major 
Latissimus dorsi Supraspinatus Teres minor 
Pectoralis major Tendonitis 

Rotator cuff group Tendonosis 


Introduction 


The shoulder joint enables the upper extremity 
to perform all manner of repetitive actions using 
the hands. The shoulder joint has a wide range 
of motion in so many different planes, but it also 
has a significant amount of laxity, which can often 
result in pathologic conditions and injuries. Com- 
mon injury sites are the rotator cuff, capsule, liga- 
ments, bursa, and glenohumeral joint. The price 
of mobility is reduced stability. While it's generally 


true that the more mobile a joint is, the less stable 
it is, this is particularly the case with the shoulder 
joint. 

The only attachment of the shoulder joint to 
the axial skeleton is via the scapula at the glenoid 
fossa and iis attachment through the clavicle at 
the sternoclavicular joint. Shoulder joint move- 
ments are many and varied. It is unusual, if not 
impossible, to have complete movement of the hu- 
merus without scapula movement. When the hu- 
merus is flexed above shoulder level, the scapula 
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TABLE 6.1  Pairing of Shoulder Girdle and Shoulder Joint Movements 


Shoulder joint actions 


Shoulder joint agonists 


Shoulder girdle actions 


Shoulder girdle agonists 


Abduction 


Adduction 


Flexion 


Extension 


Internal rotation 
External rotation 
Horizontal abduction 
Horizontal adduction 
Diagonal abduction 


(overhand activities) 


Diagonal adduction 
(overhand activities) 


Supraspinatus, deltoid, 
upper pectoralis major 


Latissimus dorsi, teres major, 
lower pectoralis major 
Anterior deltoid, upper 
pectoralis major 


Latissimus dorsi, teres major, 
lower pectoralis major, 
posterior deltoid 

Latissimus dorsi, teres major, 
pectoralis major, subscapularis 
Infraspinatus, teres minor 


Middle and posterior deltoid, 
infraspinatus, teres minor 
Pectoralis major, anterior 
deltoid, coracobrachialis 
Posterior deltoid, infraspinatus, 
teres minor 

Pectoralis major, anterior 
deltoid, coracobrachialis 


Upward rotation/elevation 


Downward rotation 
Elevation/upward rotation 
Depression/downward 
rotation 

Abduction (protraction) 
Adduction (retraction) 
Adduction (retraction) 
Abduction (protraction) 
Adduction (retraction)/ 


upward rotation/elevation 


Abduction (protraction)/ 
depression/downward 
rotation 


Serratus anterior, middle 
and lower trapezius, levator 
scapulae, rhomboids 


Pectoralis minor, rhomboids 


Levator scapulae, serratus 
anterior, upper and middle 
trapezius, rhomboids 
Pectoralis minor, lower 
trapezius 


Serratus anterior, pectoralis 
minor 

Middle and lower trapezius, 
rhomboids 

Middle and lower trapezius, 
rhomboids 

Serratus anterior, pectoralis 
minor 

Trapezius, rhomboids, serratus 
anterior, levator scapulae 
Serratus anterior, pectoralis 
minor 


is elevated, rotated upward, and abducted. With 
glenohumeral abduction above shoulder level, the 
scapula is rotated upward and elevated. Adduc- 
tion of the humerus results in rotation downward 
and depression, whereas extension of the humerus 
results in depression, rotation downward, and ad- 
duction of the scapula. The scapula abducis with 
humeral internal rotation and horizontal adduc- 
tion. Scapula adduction accompanies external 


rotation and horizontal abduction of the humerus. 
For a summary of these movements and the mus- 
cles primarily responsible for them, see table 6.1. 
When the muscles of the shoulder joint (second 
column) perform the actions (in the first column) 
through any substantial range of motion, the mus- 
cles of the shoulder girdle (fourth column) work 
in concert by performing the actions (in the third 
column). 


Bones 


The scapula, clavicle, and humerus serve as attach- 
ments for most of the shoulder joint muscles. Locating 
the specific bony landmarks is critical to learning the 
functions of the shoulder girdle-joint complex. Impor- 
tant scapular landmarks are the supraspinous fossa, in- 
fraspinous fossa, subscapular fossa, spine of the scapula, 
glenoid cavity, coracoid process, acromion process, and 
inferior angle. Humeral landmarks are the head, greater 
tubercle, lesser tubercle, bicipital groove, and deltoid 
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tuberosity. (Review figures 4.1 and 4.2 on pages 77 and 
78, and see figures 6.1, 6.2, and 6.3.) 


Joint 


The  shoulder joint, specifically known as the 
glenohumeral joint, is a multiaxial ball-and-socket 
joint classified as enarthrodial (figure 6.1). As such, it 
moves in all planes and is the most movable joint in 
the body. Its stability is enhanced slightly by the glen- 
oid labrum, a cartilaginous ring that surrounds the 


Acromioclavicular joint 


Acromion process 


Coracoid 
process 
Humeral head 
Greater 
tubercle 


Lesser 
tubercle 


Intertubercular 
bicipital) groove 
(sigipurje Glenoid 
cavity 
(Fossa) 


Deltoid 
tuberosity 


FIGURE 6.1  Glenohumeral joint 


glenoid fossa just inside its periphery. The joint is fur- 
ther structurally supported by the glenohumeral liga- 
ments, especially anteriorly and inferiorly. The anterior 
glenohumeral ligaments become taut as external rota- 
tion, extension, abduction, and horizontal abduction 
occur, whereas the very thin posterior capsular liga- 
ments become taut in internal rotation, flexion, and 
horizontal adduction. In recent years, the importance 
of the inferior glenohumeral ligament in providing 
both anterior and posterior support has come to light 
(figures 6.2 and 6.3). However, due to the wide range 
of motion involved in the glenohumeral joint, the liga- 
ments are quite lax until the extreme ranges of motion 
are reached; stability is sacrificed to gain mobility. 


Acromioclavicular 
Coracohumeral iu 
joint 


ligament 


Supraspinatus Superior 
tendon |cut) glenohumeral 
ligament 


Coracoid 
process 


Middle glenohumeral ligament 


FIGURE 6.2  Glenohumeral ligaments 


Humerus 
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Clavicle 


Subscapular 
fossa 


Scapula 


Movement of the humerus from the side position is 
common in throwing, tackling, and striking activities. 
Shoulder joint flexion and extension are performed 
frequently when supporting body weight in a hanging 
position or in movement from a prone position on 
the ground. 

Determining the exact range of each movement 
for the glenohumeral joint is difficult because of the 
accompanying shoulder girdle movement; however, 
if the shoulder girdle is prevented from moving, the 
glenohumeral joint movements are generally thought 
to be in the following ranges: 90 to 95 degrees abduc- 
tion, O degrees adduction (prevented by the trunk) or 
75 degrees anterior to the trunk, 40 to 60 degrees of 


Supraspinatus tendon 


Acromion process Coracgid 


process 


Subdeltoid 
bursa Coracohumeral 


ligament 


Infraspinatus 


Biceps tendon 
tendon 


Superior 
glenohumeral 
ligament 


Glenoid fossa 


Glenoid labrum Subscapularis 


tendon 


Teres minor 
tendon Middle glenohumeral 
ligament 
Cut edge of Ă 
synovial Inferior 
pe RA glenohumeral 
ligament 


FIGURE 6.3  Glenohumeral joint with humerus removed 
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FIGURE 6.4 Range of motion of the shoulder 


extension, 90 to 100 degrees of flexion, 70 to 90 degrees 
of internal and external rotation, 45 degrees of horizon- 
tal abduction, and 135 degrees of horizontal adduction. 
If the shoulder girdle is free to move, the total range of 
the combined joints is 170 to 180 degrees of abduction 
and 170 to 180 degrees of flexion (see figure 6.4). 

The shoulder joint is frequently injured because of 
its anatomical design. A number of factors contrib- 
ute to its injury rate, including the shallowness of the 
glenoid fossa, the laxity of the ligamentous structures 
necessary to accommodate its wide range of motion, 
and the lack of strength and endurance in the muscles, 
which are essential in providing dynamic stability to 
the joint. Additionally, the shape of the acromion var- 
ies from person to person, and ii can be categorized as 
one of three distinct types. A type 1 acromion is con- 
sidered a “normal” or flat bone. Type 2 is more curved 
and dips downward. Type 3 is hooked and dips down- 
ward and, as a result, is more likely to abrade the su- 
praspinatus tendon. Types 2 and 3 have been shown 
to increase the incidence in rotator cuff tears. Ante- 
rior or anteroinferior glenohumeral subluxations and 
dislocations are quite common with physical collision 
activities such as football. Although posterior disloca- 
tions are fairly rare, problems about the shoulder due 
to posterior instability are somewhat commonplace. 

The rotator cuff also experiences frequent injuries, 
and its small muscles are often weak and may lack 
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an appropriate amount of endurance. The supraspi- 
natus, infraspinatus, teres minor, and subscapularis 
muscles make up the rotator cuff. The tendons of 
these muscles cross the top, rear, and front of the 
head of the humerus to attach on the greater and 
lesser tubercles, respectively. All of these muscles and 
tendons must fit under the acromion, and when they 
become inflamed, impingement results. Their point 
of insertion enables them to rotate the humerus, an 
essential movement in this freely movable joint. Most 
important, however, is the vital role as stabilizers that 
the rotator cuff muscles play in maintaining the hu- 
meral head; without them, there would be no stability 
in the glenohumeral joint. Biomechanical principles 
also figure in the injury equation. If the body is too 
far away from the source of its activity, the result can 
be injury. For example, a person attempting to hang 
a heavy wooden door will extend his arms to prevent 
the door from falling, should it suddenly slip. The re- 
sult can be a torn or ruptured biceps muscle or rota- 
tor muscle. The shoulder joint is simply too small and 
too mobile to complete repetitive actions such as han- 
dling a power tool at chest level, using hedge clippers, 
or carrying water buckets without fatiguing shoulder 
joint muscles or putting the rotator cuff at risk. To 
enable the body to perform these movements without 
injury, the shoulder must be strengthened and main- 
tain optimal flexibility. 
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Movements Adduction 


Adduction is downward movement of the humerus 
in the frontal plane medially toward the body from 


abduction. 


Flexion (Forward Elevation) 


Flexion is movement of the humerus straight anteri- 
orly from any point in the sagittal plane. 


(177 Flexion 


Extension 


Extension (Hyperextension) 


Extension involves movement of the humerus straight 
posteriorly from any point in the sagittal plane; it is 


sometimes referred to as hyperextension. 


Lateral Rotation 


Lateral rotation is movement of the humerus later- 
i ally in the transverse plane around its long axis away 

Flexion scara 

from the midline. 


Hyperextension 


Abduction 


Abduction is upward lateral movement of the hu- 
merus in the frontal plane out to the side, away from 


the body. 
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Medial Rotation Horizontal Abduction (Extension) 
Medial rotation is movement of the humerus in the Horizontal abduction is movement of the humerus in 
transverse plane medially around its long axis toward a horizontal or transverse plane away from the chest. 


the midline. 


Diagonal Abduction 


Diagonal abduction is movement of the humerus in a 
diagonal plane away from the midline of the body. If 
the humerus continues toward the midline in abduc- 
tion, the movement is called sideward elevation. 


Horizontal Adduction (Flexion) 


Horizontal adduction is movement of the humerus in 
a horizonital or transverse plane toward and across 


the chest. 


Diagonal Adduction 
Diagonal adduction is movement of the humerus in a 
diagonal plane toward the midline of the body. 


Muscles 


When studying the muscles of the glenohumeral 
joint, it can be helpful to group them according 
to their location and function. Muscles that origi- 
nate on the scapula and clavicle and insert on the 
humerus may be thought of as muscles inrrinsic 
to the glenohumeral joint, whereas muscles origi- 
nating on the trunk and inserting on the humerus 
are considered extrinsic to the joint. The intrinsic 
muscles include the deltoid, the coracobrachia- 
lis, the teres major, and the rotator cuff group, 
which is composed of the supraspinatus, infraspi- 
natus, teres minor, and subscapularis. Extrinsic 
glenohumeral muscles are the latissimus dorsi and 
the pectoralis major, even though it has a clavicu- 
lar attachment. It can also be helpful to organize 
the muscles according to their general location. The 
pectoralis major, coracobrachialis, and subscapu- 
laris are anterior muscles. Located superiorly are 
the deltoid and supraspinatus. The latissimus dorsi, 
teres major, infraspinatus, and teres minor are lo- 
cated posteriorly. 


MUSCLE IDENTIFICATION 


Figure 6.5 identifies the anterior and posterior mus- 
cles of the shoulder joint and shoulder girdle. Refer 
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to table 6.2 for a detailed breakdown of the agonisit 
muscles for the glenohumeral joint. 

The biceps brachii and triceps brachii (long head) 
are also involved in glenohumeral movements as ago- 
nists and antagonists. Primarily, the biceps brachii 
assists in flexing and horizontally adducting the 
shoulder, whereas the long head of the triceps brachii 
assists in extension and horizontal abduction. See 
Chapter 8 on the elbow and radioulnar joints for fur- 
ther discussion of these muscles. 


Shoulder joint muscles— 
location 


Anterior 
Pectoralis major 


Coracobrachialis 
Subscapularis 


Superior 
Deltoid 
Supraspinatus 


Posterior 
Latissimus dorsi 


Teres major 
Infraspinatus 
Teres minor 


Nerves 


The shoulder joint muscles are all innervated from the 
nerves of the brachial plexus (figure 6.6). The pecto- 
ralis major is innervated by the pectoral nerves. Spe- 
cifically, the lateral pectoral nerve arising from C5, 
C6, and C7 innervates the clavicular head, while the 
medial pectoral nerve arising from C8 and T1l inner- 
vates the sternal head. The thoracodorsal nerve, aris- 
ing from C6, C7, and C8, supplies the latissimus dorsi. 
The axillary nerve, branching from C5 and C6, inner- 
vates the deltoid and teres minor. The axillary nerve 
supplies sensation to a lateral patch of skin over the 
deltoid region of the arm. Both the upper and lower 
subscapular nerves arising from C5 and C6 innervate 
the subscapularis, while only the lower subscapular 
nerve supplies the teres major. The supraspinatus and 
infraspinatus are innervated by the suprascapular 
nerve, which originates from C5 and C6. The mus- 
culocutaneous nerve, as seen in figure 6.6, branches 
from C5, C6, and C7 and innervates the coracobra- 
chialis. It supplies sensation to the radial aspect of 
the forearm. 
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Triceps brachii: 
Lateral head 
Long head 
Medial head 


Biceps brachii 


Brachialis 


Brachioradialis 


(a) Anterior view 


Biceps brachii: 
Long head 
Short head 


(c) Anterior view 


FIGURE 6.5  Pectoral and brachial muscles 


Subscapularis 


Supraspinatus 


Spine of scapula 


Greater tubercle 
of humerus 


Infraspinatus 


Humerus 
Teres minor 


Teres major 


Triceps brachii: 
Lateral head 
Long head 


Latissimus dorsi 


(b) Posterior view 


Coracobrachialis 


(d) Anterior view 


TABLE 6.2  Agonist Muscles of the Glenohumeral Joint 
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Name of Muscle Origins Insertion Actions Innervations 
Deltoids Anterior: lateral 1/3 of Deltoid tuberosity of Anterior: abduction, Axillary nerve (C5, C6) 
clavicle humerus flexion, horizontal 
adduction, medial 
rotation of humerus 
Middle: lateral Same Middle: abduction of 
acromion humerus to 90 degrees 
Posterior: spine of Same Posterior: abduction, 


Rotator cuff: 
Supraspinatus 


Infraspinatus 


Teres minor 


Subscapularis 


Latissimus dorsi 


Teres major 


Pectoralis major 


Coracobrachialis 


scapula 


Supraspinous fossa of 
scapula 


Infraspinous fossa of 
scapula 


Upper axillary border 
of scapula 


Subscapular fossa of 
scapula 


Thoracolumbar 
aponeurosis from T7 
to iliac crest, lower 
three or four ribs, in- 
ferior angle of scapula 


Posterior inferior 
angle of scapula 


Clavicular head: me- 
dial 1/2 of clavicle 


Sternal head: 
sternum, cartilage of 
upper six ribs 


Coracoid process of 
scapula 


Superior facet, greater 
tubercle of humerus 


Greater tubercle of 
humerus, middle facet 


Greater tubercle of 
humerus, inferior 
facet 


Lesser tubercle of 
humerus 


Floor of bicipital 
groove of humerus 


Medial lip of bicipital 
groove of humerus 


Lateral lip of bicipital 
groove of humerus 


Middle of medial bor- 
der of humeral shaft 


extension, horizontal 
abduction, lateral 
rotation of humerus 


Weak abduction, 
stabilization of head 
of humerus to initiate 
abduction 


Lateral rotation, 
extension of humerus, 
horizontal abduction 


Lateral rotation, 
extension, horizontal 
abduction 


Medial rotation of 
humerus, adduction of 
arm, extension 


Extension, medial 
rotation, horizontal 
abduction, adduction 


Extension, medial rota- 
tion, adduction 


Clavicular head: medial 
rotation, horizontal 
adduction, flexion, ab- 
duction (once the arm 
is abducted 90 degrees, 
the upper fibers assist 
in further abduction), 
adduction (with îhe 
arm below 90 degrees 
of abduciion) 


Sternal head: medial 
rotation, horizontal 
adduction, extension, 
adduction 


Flexion, adduction, 
horizontal adduction 


Suprascapular nerve (C5) 


Suprascapular nerve (C5, C6) 


Axillary nerve (C5, C6) 


Upper and lower subscapular 
nerve (C5, C6) 


Thoracodorsal nerve 
(C6-C8) 


Lower subscapular nerve 
(05, C6) 


Clavicular head: lateral 
pectoral nerve (C5-C7) 


Sternal head: medial pectoral 
nerve (C8, 11) 


Musculocutaneous nerve 
(05-07) 
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FIGURE 6.6 The brachial plexus 


Individual Muscles of 
the Shoulder Joint 


DELTOID MUSCLE 


Palpation 


Passively shorten by flexing the humerus superior to the 
clients head. Cradle the arm in your hands. In this po- 
sition, all three sections of the deltoid can be palpated 
easily. See Chapter 7 for deltoid techniques. 


Anterior fibers: Palpate the anterior fibers from the 
clavicle toward the anterior humerus during 
resisted flexion or horizontal adduction. 

Middle fibers: Palpate the middle fibers from the 
lateral border of the acromion down toward the 
deltoid tuberosity during resisted abduction. 

Posterior fibers: Palpate the posterior fibers from the 
lower lip of the spine of the scapula toward the 


—— Musculocutaneous nerve 


Axillary nerve 


Lateral cord 
Posterior cord 
Medial cord 
Axillary nerve 


Musculocutaneous 
nerve 


Median nerve 


Radial nerve 


Ulna 
Ulnar nerve 


Median nerve 
Radial nerve 


Radius 


Superficial branch 
of ulnar nerve 


Digital branch 
of ulnar nerve 


Digital branch 
of median nerve 


posterior humerus during resisted extension or 
horizontal abduction. 


Sa A Cautionary Note 

Actions that preclude flexion of the upper extremity and rounded 
shoulders will shorten fibers of the anterior deltoid while 
lengthening the posterior deltoid. Stretching and releasing the 
anterior deltoid while encouraging strengthening of the poste- 
rior deltoid will help balance the deltoid muscles and support 
better posture. Practitioners should also note that the subdel- 
toid bursa is located just below the anterior deltoid. Therapists 
must use caution and avoid using compressive techniques that 
can irritate the subdeltoid bursa. Specific stretching, however, 
is extremely beneficial in healing inflamed bursae. 
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OIAI MUSCLE CHART  DELTOID (del-toyd”) Multifaceted superficial muscle 


Extension 


Horizontal ( 
abduction 


A 


Horizontal AER 


Flexion 
Name of Muscle Origins Insertion Actions Innervations 
Deltoid Anterior: lateral 1/3 Deltoid tuberosity of Anterior: abduction, Axillary nerve (C5, C6) 
of clavicle humerus îlexion, horizontal 
adduction, medial 
rotation of humerus 
Middle: lateral Same Middle: abduction of 
acromion humerus to 90 degrees 
Posterior: spine Same Posterior: abduction, 
of scapula extension, horizontal 


Muscle Specifics 


The deltoid muscle is used commonly in activities such 
as driving a car, poling in cross-couniry skiing, and 
doing any lifting movement. The trapezius muscle sta- 
bilizes the scapula as the deltoid pulls on the humerus. 
The anterior fibers of the deltoid muscle flex and in- 
ternally rotate the humerus and oppose the posterior 
fibers that extend and externally rotate the humerus. 
The anterior fibers also horizontally adduci the hu- 
merus, while the posterior fibers horizontally abduct 
it. The deltoid muscle is used in all lifting movements. 
Any movement of the humerus on the scapula will in- 
volve part or all of the deltoid muscle. 


Clinical Flexibility 


Stretching the deltoid requires varying positions, de- 
pending on the fibers to be stretched. To stretch the 
anterior deltoid, take the humerus into extreme hyper- 
extension. Start with arms at the sides and, using the 


abduction, lateral 
rotation of humerus 


posterior shoulder muscles, lift the arm back into hyper- 
extension. Hold 2 seconds and repeat. This movement 
also stretches the biceps brachii. To further isolate the 
anterior deltoid, while the arms are in hyperextension, 
squeeze the arms together in horizontal abduction. To 
stretch the middle and posterior deltoid, take the hu- 
merus into horizontal adduction. Begin with arms at 
the sides. Lift one arm up into flexion in front, elbow 
extended, and bring it across the chest just under the 
chin (horizontal adduction). Use the other hand to as- 
sist by pulling above the elbow toward the chest. Hold 
2 seconds and then repeat, bringing the arm down to 
the side of the body each time. Contraindications: Avoid 
horizontal adduction with shoulder arthroplasty clients; 
they can, however, perform the extension movement. 


Strengthening 


Lifting the humerus from the side to the position of 
abduction is a typical action of the deltoid. Side-arm 
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dumbbell raises are excellent for strengthening the 
deltoid, especially the middle fibers. The anterior del- 
toid fibers can be emphasized by abducting the hu- 
merus in a slightly horizontally adducted (30-degree) 
position. The posterior fibers can be strengthened 
better by hyperextending the arm with a weight, Lift- 
ing it as high as possible. The eccentric (down phase) 
movement is extremely important, so the dumbbell 
in these strength exercises should be returned slowly 
to the start position each time. Contraindications: 
These exercises are generally safe with controlled 
movement. 


ROTATOR CUFF MUSCLES 


Muscle Specifics 


The figure in the chart illustrates the rotator cuff 
muscle group, which, as previously mentioned, is 
most important in maintaining the humeral head 
in its proper location within the glenoid cavity. The 
acronym SITS may be used in learning the names 
Supraspinatus, infraspinatus, teres minor, and sub- 
scapularis. These muscles, which are not very large 
in comparison with the deltoid and pectoralis major, 
must possess not only adequate strength but also a 


OIAIL MUSCLE CHART ROTATOR CUFF Stabilizers for the head of the humerus 


Anterior 


Rotator cuff (SITS) 
muscles: 


Supraspinatus 
Infraspinatus 
Teres minor 
Subscapularis 


Posterior 
————— 


Clavicle 
Acromion 


Coracoid 
process 


Glenoid cavity 


Inferior angle 


Name of Muscle 


Supraspinatus 


Infraspinatus 


Teres minor 


Subscapularis 


Origins 


Supraspinous fossa of 
scapula 


Infraspinous fossa of 
scapula 


Upper axillary border of 
scapula 


Subscapular fossa of 
scapula 


Insertion 


Superior facet, greater 
tubercle of humerus 


Greater tubercle of 
humerus, middle facet 


Greater tubercle of hu- 
merus, inferior facet 


Lesser tubercle of 
humerus 


Actions 


Weak abduction, 
stabilization of head 
of humerus to initiate 
abduction 


Lateral rotation, 
extension of humerus, 
horizontal abduction 


Lateral rotation, 
extension, horizontal 
abduction 


Medial rotation of 
humerus, adduction of 
arm, extension 


Innervations 


Suprascapular nerve (05) 


Suprascapular nerve 


(05, C6) 


Axillary nerve (C5, C6) 


Upper and lower 
subscapular nerve 
(05, C6) 


significant amount of muscular endurance to ensure 
their proper functioning, particularly in repetitious 
overhead activities such as throwing, swimming, and 
pitching. When these and similar activities are repeti- 
tive actions or are carried out using poor technique, 
or when the muscles are fatigued or have not been ad- 
equately warmed up or conditioned, the rotator cuff 
muscle group, particularly the supraspinatus, fails to 
dynamically stabilize the humeral head in the glenoid 
cavity, leading to further rotator cuff problems such 
as tendonosis, tendonitis, or rotator cuff impinge- 
ment within the subacromial space. Tendonosis is a 
breakdown of collagen fibers within the tendon, while 
tendonitis is an inflammation of a tendon. See Chap- 
ter 9 for different types of tendonitis. 


SUPRASPINATUS MUSCLE 


Palpation 


Palpate the supraspinatus anterior and superior to 
the spine of the scapula in the supraspinatus fossa 
during initial abduction in the scapular plane. The 
tendon also may be palpated just off the acromion 
on the greater tubercle with the arm placed behind 
the back. 


OIAI MUSCLE CHART 
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CLINICAL 
NOTES 


Muscle Specifics 


The supraspinatus muscle holds the head of the hu- 
merus in the glenoid fossa. When the body is engaged 
in a throwing movement, the supraspinatus provides 
important dynamic stability by maintaining the 
proper relationship between the humeral head and 
the glenoid fossa. In the cocking phase of throwing, 
the humeral head has a tendency to subluxate ante- 
riorly. In the follow-through phase, the humeral head 
tends to move posteriorly. 


SUPRASPINATUS (su pra-spi-na tus) Above the spine of the scapula 


Stabilization 
of humeral 


head 


Name of Muscle Origins 


Supraspinous fossa of 
scapula 


Supraspinatus 


Insertion 


Superior facet, greater 
tubercle of humerus 


Actions Innervations | 
Weak abduction, Suprascapular nerve (05) 


stabilization of head 
of humerus to initiate 
abduction 
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The supraspinatus, along with the other rotator 
cuff muscles, must have excellent strength and endur- 
ance to prevent abnormal and excessive movement of 
the humeral head in the fossa. 

The supraspinatus is the most often injured rotator 
cuff muscle. Acute and severe injuries may occur with 
trauma to the shoulder. However, mild to moderate 
strains or tears often occur with athletic activity, par- 
ticularly if the activity involves repetitious overhead 
movements, such as throwing or swimming. 

Injury or weakness in the supraspinatus may be 
detected when the athlete attempis to substitute the 
scapula elevators and upward rotators to obtain hu- 
meral abduction. An inability to smoothly abduct the 
arm against resistance with the thumb turned down 
is indicative of possible rotator cuff injury. 


Clinical Flexibility 


To stretch the supraspinatus, the humerus must ro- 
tate internally to isolate the muscle attachments. 
With the arm in abduction and the elbow flexed 90 
degrees, palms open facing anterior, rotate the hu- 
merus down and stretch for 2 seconds. Repeat 8 to 


OIAI MUSCLE CHART 


10 times. Rotate the arm back to the starting position 
each time; during the stretch, the scapula area should 
remain as relaxed as possible. Contraindications: It 
may be difficult to hold the arm in abduction if bursi- 
tis or tendonitis issues exist. 


Strengthening 


The supraspinatus muscle may be called into action 
whenever the middle fibers of the deltoid muscle are 
used. An “empiy-can” exercise may be used to isolate 
supraspinatus action. To perform, internally rotate 
the humerus and abduct the arm to 90 degrees in a 
30- to 45-degree horizontally adducted position, as if 
one were emptying a can. A dumbbell is then lifted 
from the midline, up into abduction, with the pinky 
finger leading and the thumb tumed down. A person 
with an injury to the supraspinatus will have difficulty 
performing this movement. Contraindications: It may 
be difficult to lift the arm into abduction if bursitis or 
tendonitis issues exist. In these cases, a modification 
of the empty-can exercise may be done in exactly the 
same position except with the thumb turned up for a 
“full-can” exercise. 


INFRASPINATUS (in fra-spi-na tus) Under the spine of the scapula 


Horizontal 
abduction 


External 
rotation 


Name of Muscle Origins Insertion 


Infraspinatus Infraspinous fossa of 


scapula 


Greater tubercle of 
humerus, middle facet 


Actions Innervations 


Lateral rotation, 
extension of humerus, 
horizontal abduction 


Stabilization of humeral 
head in glenoid fossa 


Suprascapular nerve 
(C5, C6) 


INFRASPINATUS MUSCLE 


Palpation 


Palpate the infraspinatus superficially just below the 
spine of the scapula, passing upward and laterally to 
the humerus during resisted external rotation. 


Se aL Extension Tendonitis 
Consider infraspinatus involvement if the client has difficulty 
fastening a seat belt or placing an arm îhrough a sleeve. Sports 
injury or other trauma, such as hauling a wheeled suitcase or 
excessive poling with cross-country skis, could also contrib- 
ute to infraspinatus tendonitis or tendonosis. The infraspinatus 
tendon is often tender at the attachment site of the humerus. 


Muscle Specifics 


The infraspinatus and teres minor muscles are effec- 
tive when the rhomboid muscles stabilize the scapula. 
When the humerus is laterally rotated, the rhomboid 
muscles flatten the scapula to the back and fixate it 
so that the humerus may be rotated. Agonists to the 
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infraspinatus include the teres minor as well as the 
posterior deltoid. 


Clinical Flexibility 


Stretching the infraspinatus is accomplished with me- 
dial rotation and extreme horizontal adduction. Start 
with the shoulder flexed in front, elbow extended, 
palms facing the midline. Using the anterior shoulder 
muscles, move the arm across the chest (horizontal 
adduction), just under the chin. Use the other hand 
to assist in a gentle 2-second stretch at the end move- 
ment. This exercise protracts the scapula, stretching 
the infraspinatus as a horizontal abductor. To stretch 
these fibers as rotators, use the same medial rotator 
stretch for the supraspinatus. Contraindications: Use 
caution with shoulder arthroplasty clients with this 
movement or avoid altogether. 


Strengthening 


An appropriate amount of strength and endurance is 
critical in both the infraspinatus and teres minor, as 
they are called on eccentrically to slow the arm down 
from high-velocity medial rotation activities, such 
as pitching a baseball and serving a tennis ball. The 


OIAI MUSCLE CHART  TERES MINOR (te rez mi nor) Small round muscle 


Horizontal 
abduction 


External 
rotation 


Name of Muscle Origins Insertion 


Teres minor Upper axillary border of 


scapula 


Greater tubercle of 
humerus, inferior facet 


Actions Innervations 


Lateral rotation, 
extension, horizontal 
abduction 


Stabilization of humeral 
head in glenoid fossa 


Axillary nerve 
(05, C6) 
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infraspinatus is vital to maintaining the posterior sta- 
bility of the glenohumeral joint. It is the most pow- 
erful of the lateral rotators and is the second most 
commonly injured rotator cuff muscle. 

Both the infraspinatus and the teres minor can best 
be strengthened by laterally rotating the arm against 
resistance in the 15- to 20-degree abducted posi- 
tion and the 90-degree abducted position. Begin on 
your side, elbow bent at 90 degrees, and fixed at the 
hip. Using a dumbbell, start at the navel and lift the 
weight up into external rotation. Return to the start- 
ing position, slowly lowering the weight. Contraindi- 
cations: This exercise is generally safe with controlled 
movement. 


TERES MINOR MUSCLE 


Palpation 


Palpate the teres minor just above the teres major 
on the posterior scapula surface, moving diagonally 
upward and laterally from the inferior angle of the 
scapula during resisted lateral rotation. 


CLINICAL 
NOTES 


Muscle Specifics 


The teres minor functions similarly to the infraspi- 
natus in providing dynamic posterior stability to the 
glenohumeral joint. Both of these muscles perform 
the same actions together. 


Clinical Flexibility 


The teres minor is stretched similarly to the infraspina- 
tus by moving into extreme horizontal adduction and 


OIAI MUSCLE CHART  SUBSCAPULARIS (sub-skap-u-la ris) Below the scapula 


Stabilization of 
humeral head 


Adduction 


Internal 
rotation 


Extension 


Name of Muscle Origins Insertion 


Subscapular fossa of 
scapula 


Subscapularis 
humerus 


Lesser tubercle of 


Actions Innervations 


Medial rotation of hu- 
merus, adduction of arm, 
extension 

Stabilization of 

the humeral head in the 
glenoid fossa 


Upper and lower 
subscapular nerve (C5, C6) 


medially rotating the shoulder. Use the same stretches 
for the teres minor that are used for the infraspinatus. 


Strengthening 


The teres minor is strengthened with the same exer- 
cises that are used in strengthening the infraspinatus. 
Any exercise with resistance that forces lateral rota- 
tion is appropriate. 


SUBSCAPULARIS MUSCLE 


Palpation 


The subscapularis, in conjunction with the latissimus 
dorsi and teres major, forms the posterior axillary 
fold. Most of the subscapularis is inaccessible on the 
anterior scapula behind the rib cage. The lateral por- 
tion may be palpated with the client supine and the 
arm in slight flexion and adduction so that the elbow 
is Iying across the abdomen. Use one hand posteriorly 
to grasp the medial border and pull it laterally while 
palpating between the scapula and rib cage with the 
other hand. To assist the palpation, the client presses 
the forearm against the chest, further protracting the 
scapula. The thick tendon of subscapularis can be 
palpated between the coracoid process and the lesser 
tuberele of the humerus. 
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CLINICAL 
NOTES 


Muscle Specifics 


The subscapularis muscle, another rotator cuff muscle, 
holds the head of the humerus in the glenoid fossa from 
an anterior position. It acts with the latissimus dorsi and 
teres major muscles in its typical movement; however, it 
is less powerful in its action because ofitsproximity to the 
joint. The muscle also requires the help ofthe rhomboids 
in stabilizing the scapula to make it effective in the 
movements described. The subscapularis is relatively 
hidden behind the rib cage in its location on the ante- 
rior aspect of the scapula in the subscapular fossa. 


OIAI MUSCLE CHART  LATISSIMUS DORSI (lat-is'i-mus dor 'si) Broad flat back 


Horizontal abduction 
Și 


Anterior view 


Name of Muscle Origins Insertion 


Latissimus dorsi Thoracolumbar aponeu- 
rosis from T7 to iliac 
crest, lower three or 
four ribs, inferior angle 


of scapula 


Floor of bicipital groove 
of humerus 


Actions 


Innervations | 


Thoracodorsal nerve 
(C6-C8) 


Extension, medial 
rotation, horizontal 
abduction, 
adduction 
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Clinical Flexibility 


Lateral rotation of the humerus stretches the sub- 
scapularis. With the shoulder flexed at 90 degrees and 
abducted in the same manner as in the supraspinatus 
stretch, rotate the humerus laterally to gently stretch 
for 2 seconds. This targets the rotary action of this 
muscle. Since it also adducts the shoulder, the sub- 
scapularis should be stretched in horizontal abduc- 
tion. Begin with arms flexed in front, palms facing each 
other. Using the muscles on the back of the shoulder, 
bring the arms back into horizontal abduction. Stretch 
for 2 seconds. This stretch also targets the pectoralis 
major. Contraindications: These movements are gener- 
ally safe, although it may be difficult to hold the arm in 
abduction if shoulder dysfunctions exist. 


Strengthening 


The subscapularis can be strengthened with exercises 
similar to those used for the latissimus dorsi and teres 
major (see below), such as rope climbing and latissimus 
pulls. It should, however, be strengihened by challeng- 
ing it during every action. A specific exercise for its de- 
velopment is done by medially rotating the arm against 
resistance in the beside-the-body position at 0 degrees 
of glenohumeral abduction. This is accomplished with 
the client in the side-lying position, with the bottom 
arm tucked under the body and bent at 90 degrees. 
Start at the floor and internally rotate the arm to bring 
the weight up. Contraindications: This movement may 
be difficult if bursitis or tendonitis issues exist. 


LATISSIMUS DORSI MUSCLE 


Palpation 


The latissimus dorsi tendon may be palpated as ii 
passes under the teres major at the posterior wall of 
the axilla, particularly during resisted extension and 
medial rotation. The muscle can be palpated in the 
upper-lumbar-lower-thoracic area during extension 
from a flexed position. The muscle may be palpated 
throughout most of its length during resisted adduc- 
tion from a slighily abducted position. 


CLINICAL Su te 
NOTES Thin Tissue 
Often injured because of its very large plastic wrap-like tis- 
sue, the aponeurosis, the latissimus dorsi is not designed to 
pick up weighis in a flexed trunk position. It is more suited for 
powerful movements such as rowing and pulling. This fascia 
connects the thoracic vertebrae from T6 or 17 to all the spinous 
processes of the lumbar vertebrae and sacrum to the iliac crest. 
Muscle fibers at the ribs interdigitate with the external oblique, 
which sometimes makes it hard to take a deep breath when 
torn issues are present. 


Muscle Specifics 


The latissimus dorsi, along with the teres major, forms the 
posterior axillary fold. The latissimus twists around the 
teres major, and the two are partially intertwined before 
they insert in their respective positions on the medial lip 
of the bicipital groove. This of course provides a strong 
insertion into the humerus and supports the shoulder 
joint in actions such as adduction, extension, and medial 
rotation. Due to the upward rotation of the scapula that 
accompanies glenohumeral abduction, the latissimus 
effectively downwardly rotates the scapula by way of its 
action in pulling the entire shoulder girdle downward 
in active glenohumeral adduction. It is one of the most 
important extensor muscles of the humerus, and it con- 
tracts powerfully in performing chin-ups. The teres major 
assists the latissimus in all of its actions. The latissimus 
dorsi is sometimes referred to as the “swimmer's muscle” 
because of its function in pulling the body forward in the 
water during medial rotation, adduction, and extension. 


Clinical Flexibility 


The latissimus dorsi is stretched with the teres major 
when the shoulder is laterally rotated in a 90-degree 
abducted position. It can be stretched using the same 
movements as those for the pectoralis major and sub- 
scapularis and using lateral side bends with the arm 
in sideward elevation. Lift one arm up into sideward 
elevation, and laterally bend the torso to the opposite 
side. Contraindications: This stretch is generally safe. 
Impingement clients may feel some discomfort when 
the arm is in sideward elevation. 


Strengthening 


Exercises in which the arms are pulled down bring the 
latissimus dorsi muscle into powerful contraction; ex- 
amples are chin-ups, rope climbing, and dips on par 
allel bars. In barbell exercises, the basic rowing and 
pullover exercises are good for developing the “lats.” 
Pulling the bar of an overhead pulley system down to- 
ward the shoulders, known as a “lat pull,” is a common 
exercise for this muscle. Conrraindications: These ex- 
ercises are generally safe with controlled movement. 


TERES MAJOR MUSCLE 


Palpation 


Palpate the teres major just above the latissimus dorsi 
and below the teres minor on the posterior scapula 
surface, moving diagonally upward and laterally from 
the inferior angle of the scapula during resisted me- 
dial rotation. 


Muscle Specifics 


The teres major muscle is effective only when the rhom- 
boid muscles stabilize the scapula or move the scapula 


chapter 6 The Shoulder Joint 133 


OIAI MUSCLE CHART  TERES MAJOR (te“rez major) Large round muscle 


Adduction —= 


Anterior view with 
teres major insertion 


Name of Muscle Origins 


Insertion 


Actions 


Innervations | 


Teres major Posterior inferior angle Medial lip of bicipital Extension, medial Lower subscapular nerve 
of scapula groove of humerus rotation, adduction (05, C6) 
Strengthenin 
CLINICAL ilie 
NOTES Like the latissimus, the teres major may be strength- 


in downward rotation. Otherwise, the scapula would 
move forward to meet the arm. The teres major com- 
pletes extension of the glenohumeral joint, particularly 
from the flexed position to the posteriorly extended po- 
sition, as well as adduction of the glenohumeral joint, 
particularly from the abducted position down to the 
side and toward the midline of the body. 

This muscle works effectively with the latissimus 
dorsi and also assists the pectoralis major and subscap- 
ularis in adducting, medially rotating, and extending 
the humerus. It is said to be the latissimus dorsis “little 
helper” and, as such, can be labeled as a synergist. 


Clinical Flexibility 


Laterally rotating the shoulder in a 90-degree ab- 
ducted position stretches the teres major. The stretches 
described for the latissimus are also effective for the 
teres major. 


ened by lat pulls, rope climbing, and medial rotation 
exercises against resistance. 


PECTORALIS MAJOR MUSCLE 


Palpation 


Upper fibers: Palpate the upper fibers of the pecto- 
ralis major from the medial end of the clavicle to 
the bicipital groove of the humerus, during flexion 
and adduction from the anatomical position. 


Lower fibers: Palpate the lower fibers of the pec- 
toralis major from the ribs and stermnum to the 
bicipital groove of the humerus, during resisted 
extension from a flexed position and resisted ad- 
duction from the anatomical position. 


CLINICAL 
NOTES 
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DIAI MUSCLE CHART  PECTORALIS MAJOR (pek-to-ra'lis ma'jor) Large chest muscle 


Adduction 


Internal rotation 


Name of Muscle Origins Insertion 


Clavicular head: 
medial 1/2 of clavicle 


Pectoralis major 


Sternal head: 
sternum, cartilage 
of upper six ribs 


postural problems and support back muscles. The rhomboids 
should be strengthened to help assist in scapular retraction. 
Compression, myofascial stretches, elliptical movements, and 
jostling are all great techniques for unwinding this powerful 
muscle. See Chapter 7 for techniques for the pectoralis major. 


Muscle Specifics 


The anterior axillary fold is formed primarily by the 
pectoralis major. It has a fanlike structure that com- 
pletely twists at the insertion on the lateral lip of the 
bicipital groove. The insertion is superficial to the 
latissimus dorsi and teres major. The pectoralis major 
aids the serratus anterior muscle in drawing the scap- 
ula forward as it moves the humerus in flexion and 
medial rotation. Even though the pectoralis major is 


Lateral lip of bicipital 
groove of humerus 


Actions Innervations 


Clavicular head: lateral 
pectoral nerve (C5-C7) 


Clavicular head: 

medial rotation, 
horizontal adduction, 
flexion, abduction (once 
the arm is abducted 90 
degrees, the upper fibers 
assist in further abduc- 
tion), adduction (with the 
arm below 90 degrees of 
abduciion) 


Sternal head: medial 
pectoral nerve (C8, 11) 


Sternal head: medial 
rotation, horizontal 
adduction, extension, 
adduction 


not attached to the scapula, ii is effective in scapula 
protraction because of its anterior pull on the hu- 
merus, which joins to the scapula at the glenohumeral 
joint. A typical action is throwing a baseball. As the 
glenohumeral joint is flexed, the humerus is medially 
rotated and the scapula is drawn forward with up- 
ward rotation. The pectoralis major also works as a 
helper of the latissimus dorsi muscle when extending 
and adducting the humerus from a raised position. 


Clinical Flexibility 


Due to the popularity of bench pressing and other 
weight-lifting exercises that emphasize the pectoralis 
major, as well as this muscle's use in most sporting 
activities, the pectoralis major is often overdeveloped 
in comparison to its antagonists. Bodybuilders will 
stand with rounded, medially rotated shoulders and 


the palms facing posterior. As a result, stretching is 
often needed and can be done by active lateral rota- 
tion. The muscle is also stretched when the shoulder 
is horizontally abducted. Begin with arms flexed in 
front, palms facing each other. Using the muscles on 
the back of the shoulder, bring the arms back into 
horizontal abduction. Stretch for 2 seconds. You can 
also perform this movement in a doorway, reaching 
with one arm into abduction as the torso twists. Con- 
traindications: This stretch is generally safe with con- 
trolled movement. 


Strengthening 


The pectoralis major and the anterior deltoid work 
closely together. The pectoralis major is used pow- 
erfully in push-ups, pull-ups, throwing, and tennis 
serves. With the client in the supine position on a 
bench and holding a barbell with the arms at the side, 
move the arms to a horizontally adducted position. 
This exercise, known as bench pressing, is widely used 
for pectoralis major development. Contraindications: 
Bench pressing is generally safe with controlled 
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movement. Use caution with heavy weight, and avoid 
hyperextension of the humerus. 


CORACOBRACHIALIS MUSCLE 


Palpation 


The belly of the coracobrachialis may be palpated 
high up on the medial arm just posterior to the short 
head of the biceps brachii and toward the coracoid 
process, particularly with resisted adduction. 


CLINICAL 


OIAI MUSCLE CHART  CORACOBRACHIALIS (kor-a-ko-bra ki-a lis) Named for its attachments 


Flexion 


Horizontal adduction 


Coracobrachialis 
muscle 


Name of Muscle Origins Insertion 


Actions 


Coracobrachialis Coracoid process of 


scapula 


Middle of medial border 
of humeral shaft 


Flexion, adduction, 
horizontal adduction 


Innervations | 


Musculocutaneous nerve 
(05-07) 
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Muscle Specifics 


The coracobrachialis is not a powerful muscle, but 
it does assist in flexion and adduction and is most 
functional in moving the arm horizontally toward 
and across the chest. Ii is mostly buried under the 
pectoralis major and has a long tendon that runs side 
by side with the biceps shori-head tendon. The prac- 
titioner needs to be cautious with locating the cora- 
cobrachialis, as the brachial plexus enters the upper 
extremity in close quarters to the muscle. 


Introduction 


w The mobile shoulder joint enables multiple movemenis, 
put it can sustain many injuries due to its lack of stability. 


Bones 

w The three bones that make up the shoulder joint are the 
clavicle, scapula, and humerus. Bony landmarks pro- 
vide muscular attachment to make movement possible. 


Joint 


w The glenohumeral joint is a multiaxial, enarthrodial ball- 
and-socket joint. 


Movements 

w The glenohumeral joint enjoys complete range as a ball- 
and-socket joint. Shoulder joint actions include flexion, 
extension, abduction, adducition, and medial and lateral 
rotation. Other movements of this diarthrodial joint in- 
clude horizontal adduction and abduction and diagonal 
plane movements. 


Muscles 

w The pectoralis major and coracobrachialis are locat- 
ed anteriorly, whereas the deltoid is located laterally. 
The rotator cuff includes supraspinatus, infraspina- 
tus, teres minor, and subscapularis. Supraspinatus is 
located superior to the spine of the scapula, and in- 
fraspinatus is located posteriorly below the spine of the 
scapula. Teres minor is located laterally and posteriorly 
on the scapula, whereas the subscapularis has an an- 
terior location on the scapula. Teres major is located 
inferiorly on the posterior scapula; latissimus dorsi is 
located posteriorly on the trunk. 


Nerves 


w The nerves for the shoulder joint muscles stem primarily 
from the brachial plexus. 


Individual Muscles of the Shoulder Joint 


v Deltoid is a superficial lateral muscle that is divided 
into three sections: anterior, middle, and posterior. The 


Clinical Flexibility 


The coracobrachialis can be stretched in extreme 
horizontal abduction and in extreme extension, the 
same way the pectoralis major is stretched. 


Strengthening 


Like the pectoralis major, the coracobrachialis is 
best strengthened by horizontally adducting the arm 
against resistance, as in bench pressing or flys. Re- 
view the pectoralis major exercises for details. 


deltoid originates on the clavicle and scapula and inserts 
on the humerus. It is a major abductor of the humerus 
and is its own agonist and antagonist, as the anterior 
deltoid and posterior deltoid perform opposite actions. 
The anterior deltoid performs flexion, medial rotation, 
and horizontal adduction, whereas the posterior deltoid 
performs extension, lateral rotation, and horizontal ab- 
duction. The midale deltoid has very strong abduction 
to 90 degrees. 

vw Rotator cuffis composed of the supraspinatus, infraspi- 
natus, teres minor, and subscapularis (SITS). These 
stabilize the head of the humerus. The supraspinatus 
originates on the supraspinous fossa, and its insertion 
lines up next to the infraspinatus and teres minor on the 
greater tubercle of the humerus. Infraspinatus originates 
on the infraspinous fossa; the teres minor attaches to 
the superior axillary border of the scapula. Supraspina- 
tus performs weak abduction; infraspinatus and teres 
minor perform extension, lateral rotation, and horizontal 
abduction. Subscapularis originates on the subscapu- 
lar fossa and inserts on the lesser tubercle. li adducts, 
extends, and medially rotates the humerus. 

vw Latissimus dorsi means “broad flat back.” It spans su- 
perficially over most of the posterior trunk and inserts on 
the bicipital groove of the humerus. Its functions are ad- 
duction and extension, medial rotation, and horizontal 
abduction of the humerus. It is easily injured when used 
to pick up too much weight in an unbalanced position. 

w Teres major is a posterior muscle that originates on the 
inferior angle of the scapula and inserts on the bicipital 
groove of the humerus. It forms the back aspect of the 
axilla region with the latissimus dorsi. It is a strong ex- 
tensor and adductor and medially rotates the humerus. 

vw Pectoralis major has attachments on the clavicle, ster- 
num, and costal ribs of the anterior trunk. Because of its 
fanlike structure coming from different directions on the 
trunk, it performs all shoulder joint movements with the 
exception of lateral rotation and horizontal abduction. 

vw Coracobrachialis is named for its attachments on the 
coracoid process of the scapula and the humerus. Ii 
flexes and horizontally adducis the humerus. 


Worksheet Exercises 


As an aid to learning, for in-class or out-of-class 
assienments, or for testing, tear-out worksheets are 
found at the end of the text, pages 523-526. 


True or False 
Write true or false after each statement. 

1. The bones of the shoulder joint include the hu- 
merus, scapula, clavicle, and ulna. 

2. Pectoralis major is a strong horizontal adductor. 

3. The deltoid is an intrinsic muscle and inserts on 
the deltoid tuberosity. 

4. The latissimus dorsi is often easily injured par- 
tially because of the very thin tissue attachments 
at its origin. 

5. The rotator cuff includes supraspinatus, infraspi- 
natus, teres major, and subscapularis. 

6. Part of the job of the rotator cuff is to stabilize 
the head of the humerus. 

7. The capsule of the head of the humerus is vul- 
nerable to adhesive capsulitis. 

8. The origin of the supraspinatus is the spine of 
the scapula. 

9. The latissimus dorsi and the subscapularis both 
claim internal rotation as an action. 

10. The anterior deltoid does extension, whereas the 
posterior deltoid does flexion. 

11. One way to stretch the pectoralis major is to 
move the arms into horizontal abduction. 


Short Answers 
Write your answers on the lines provided. 


1. Why is it essential that both anterior and pos- 
terior muscles of the shoulder joint be properly 
developed? 
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„ List the rotator cuff muscles. What action or job 


do they all share? 


. How does the pectoralis major contributie to a 


round shoulder posture? 


. What major nerve plexus innervates the shoulder 


joint muscles? 


.„ What happens to the scapula when the humerus 


is in an abducted position? 


. What muscle's name means “broad flat back”? 


. What is the name of the valley between the lesser 


and greater tubereles? 


2. Bench presses or flys will help strengthen what 
muscles of the shoulder joint? 


„ On what facets does the rotator cuff line up on 


the greater tuberele? 
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10. Explain how the subscapularis can be a synergist 


to the latissimus dorsi and teres major. 


11. Explain how the pectoralis major can do flexion 


and extension. 


Multiple Choice 
Circle the correct answers. 


1. The muscle that works with the latissimus dorsi 


is the: 

a. supraspinatus 
b. teres major 

c. teres minor 

d. coracobrachialis 


. The supraspinatus does weak 
tion. 


as an ac- 


a. abduction 
b. adduction 
c. flexion 

d. extension 


3. When the latissimus dorsi causes medial rota- 
tion, the scapula will abduct with the help of the: 


a. trapezius and levator scapulae 

b. teres major 

c. serratus anterior and pectoralis minor 
d. pectoralis major 


4. Adhesive capsulitis is often called frozen shoul- 


der because: 


a. the condition progresses to a stage where 
there is little, if any, range of motion of the 
upper extremity and scapula 


10. 


b. it is easier to call it that 
c. the shoulder really gets cold 
d. none of the above 


„If the coracobrachialis is shortened, the individ- 


ual will not be able to put the arms: 
a. in extension 

b. behind the back 

c. in front of the body 

d. across the body 


. The pectoralis major is able to generate many 


different actions because of: 

a. its insertion 

b. its location on the front of the body 
c. its shape and multiple origins 

d. none of the above 


. Teres major originates on the: 


a. posterior inferior angle of the scapula 
b. upper axillary border 

c. superior facet of the greater tuberele 
d. inferior facet of the greater tubercle 


„ Rowing is a good exercise to develop the: 


a. trapezius 

b. supraspinatus 
c. pectoralis minor 
d. latissimus dorsi 


. The anterior and posterior deltoids do opposite 


actions because: 

a. of their location and opposite origins 

b. they are located on the humerus 

c. they both attach on the humerus 

d. none of the above 

The bicipital groove divides the: 

a. coracoid process and acromion 

b. greater trochanter and lesser trochanter 

c. greater tubercle and lesser tuberele 

d. supraspinous fossa and infraspinous fossa 


1. Locate the following parts of the humerus and 
scapula on a human skeleton and on a subject: 


a. 
b. 
(ce 
d. 
(25 
E, 
e. 
h. 
île 
j. 
k. 
l. 


Greater tubercle 
Lesser tubercle 
Neck 

Shaft 

Bicipital groove 
Medial epicondyle 
Lateral epicondyle 
Trochlea 
Capitulum 
Supraspinous fossa 
Infraspinous fossa 
Spine of the scapula 


2. How and where can the following muscles be 
palpated on a human subject? 

Deltoid 

Teres major 

Infraspinatus 

Teres minor 

Latissimus dorsi 

Pectoralis major (upper and lower) 

lilzuea Using the pectoralis major muscle, 

indicate how various actions allow muscle 

palpation. 


pan op 


3. Demonstrate and locate on a partner the muscles 
that are primarily used in the following shoulder 
joint movements: 

Abduction 

Adduction 

Flexion 

Extension 

Horizontal adduction 

Horizontal abduction 

Lateral rotation 

Medial rotation 


n me aooo 


4. Using an articulated skeleton, compare the 
relationship of the greater tuberele to the under- 
surface of the acromion in each of the following 
situations: 
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a. Flexion with the humerus medially rotated 
versus laterally rotated. 

b. Abduction with the humerus medially versus 
laterally rotated. 

c. Horizontal adduction with the humerus me- 
dially versus laterally rotated. 


5. Pair up with a partner with his or her back 


exposed. Use your hand to grasp your partner's 
right scapula along the lateral border to pre- 
vent scapula movement. Have your partner 
slowly abduct the glenohumeral joint as much 
as possible. Note the difference in total abduc- 
tion possible when conditions are normal as 
opposed to when you restrict movement of 

the scapula. Repeat the same exercise, except 
this time hold the inferior angle of the scapula 
tightly against the chest wall while your partner 
medially rotates the humerus. Note the differ- 
ence in total medial rotation possible when 
conditions are normal as opposed to when you 
restrict movement of the scapula. 


. The movements of the scapula in relation to 


the humerus can be explained by discussing 
the movement of the shoulder complex in its 
entirety. How does the position of the scapula 
affect shoulder joint abduction? How does the 
position of the scapula affect shoulder joint 
flexion? 


. Describe the bony articulations and movements 


specific to shoulder joint rotation during the 
acceleration phase of the throwing motion, and 
explain how an athlete can work toward increas- 
ing the velocity of the throw. What factors affect 
the velocity of the throw? 


„ Using the information from this chapter and 


other resources, how would you strengihen the 
four different rotator cuff muscles? Give several 
examples of how they are used in everyday 
activities. 
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9. Antagonistic muscle action chart: Fill in the chart 


below by listing the muscle(s) or parts of mus- 


cles that are antagonistic in their actions to the 


muscles in the left column. 


Agonist 


Deltoid (anterior fibers) 


Deltoid (middle fibers) 


Deltoid (posterior fibers) 


Supraspinatus 


Subscapularis 


Teres major 


Infraspinatus/Teres minor 


Latissimus dorsi 


Pectoralis major (upper fibers) 


Pectoralis major (lower fibers) 


Coracobrachialis 


10. Muscle analysis chart: Fill in the chart below by 


listing the muscles primarily involved in each 
joint movement. 


Shoulder Girdle 


Shoulder Joint 


Upward rotation Abduction 
Downward rotation Adduction 
Depression Extension 
Elevation Flexion 

Horizontal adduction 
Abduction 

Internal rotation 

Horizontal abduction 
Adduction 


External rotation 


Deep-Tissue Techniques for 
the Shoulder Joint Muscles 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


7-1 Define key terms. 


7-2 Name three stages of the inflammatory 
response. 

7-3 List five signs and symptoms of the acute 
stage of the inflammatory response. 

7-4  Demonstrate with a partner the active and 
passive movements of the muscles of the 
shoulder joint. 

7-5  Identify the locations of the subdeltoid and 
subacromial bursae. 


7-6  Describe and practice safe body mechanics. 


KEY Active movement Arc of pain 


TERMS Acute Bursae 


Introduction 


Chronic Passive movement 
Crepitus RICE Subacute 


There are so many muscles involved in the variety 
of shoulder movements that it is often difficult to 
see which muscle groups are most compromised 
in each sofi-tissue problem. Occupational repeti- 
tion, traumatic injury, and pathologic conditions 
add to this complex issue. For clients who do not 
have a diagnosis, it is best to follow the treatment 


7-7 Practice specific techniques on shoulder joint 
muscles. 


7-8  Demonstrate appropriate supportive 
structures for side-lying positions. 


7-9 Incorporate dimensional massage therapy 
techniques in a regular routine or use them 
when needed. 


7-10 Determine safe treatment protocols and refer 


clients to other health professionals when 
necessary. 


Somatic pain 


protocol outlined in Chapter 5, starting with the 
clients medical history. This helps determine 
whether contraindications exist and enables the 
practitioner to have all the information necessary 
to create treatment goals. If any red flags arise, it 
is the practitioner's professional responsibility to 
refer the client to the appropriate health care pro- 
vider because the clients welfare and benefit are 
the practitioner's top priorities. 
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Active and Passive Ranges 
of Movement 


Aside from providing data for the medical history, cli- 
ents have the ability to reveal a wealth of information 
about their condition; unfortunately, most do not. It 
is up to the practitioner to use critical thinking and to 
draw information out of the client by asking appro- 
priate questions. Employing active and passive range- 
of-motion activities is useful to help determine more 
information about the client's soft-tissue problems. 
The shoulder joint is the perfect location to explore 
how much active and passive movement the client is 
able to perform without pain or restriction. Active 
movement shortens muscles, as it contracts and pulls 
on the engaged bone. To determine active range of mo- 
tion, the practitioner must first demonstrate the action 
for the client. The shoulder joint is complicated, as it 
is able to perform multiple actions. Thus, the practi- 
tioner should start with flexion of a nonpainful joint 
and then demonstrate the action and have the client 
replicate the movement. It is important to ask if the 
client feels any pain or restriction in the action and to 
take written notes if the client is compensating in the 
action by lifting the shoulder to complete the move- 
ment. Some useful information to document includes 
which muscles work together to complete flexion, as 
well as their antagonists. (See Chapter 6.) The practi- 
tioner should move through all the actions of the shoul- 
der joint until he forms a clear evaluation of the clients 
range of motion. A soft-tissue problem could exist if 
pain or soreness is present during active movement. 
Eliciting pain in passive motion is another issue 
altogether. Passive movement is action that does 
not shorten the soft tissues; there is no contraction 
and, therefore, no shortening. If pain is present dur- 
ing passive movement, probably some other structure 
around or within the joint is causing the complaint. 
Other involved structures include, but are not limited 
to, bursae (synovial sacs of fluid needed to lubri- 
cate joints), ligaments, joint capsules, cartilage, and 
nerves. If a client complains of pain during passive 
movement and has not been diagnosed, it is probably 
best to refer the client to another health care provider. 
That said, the soft tissue around a joint could ben- 
efit from the additional circulation of massage treat- 
ment, even if the problem is inside the joint. For the 
clients benefit, a holistic approach to the problem 
should involve more than one health care profes- 
sional. For example, a client diagnosed with adhesive 
capsulitis could benefit from an orthopedic physician 
for diagnosis and clinical treatment, a physical thera- 
pist for determing degrees of motion and exercises, 
and a massage therapist to keep the involved soft tis- 
sue of the joint passively moving and circulated. A 


chiropractor might relieve the subluxated vertebrae 
in the neck and upper back, since movement in the 
area causes so much pain. An acupuncturist and/or 
reflexologist might encourage the movement of ener- 
gies. There are many choices, and massage and man- 
ual therapists are in a position to make referrals and 
to offer suggestions to the client. Ultimately, the client 
must decide on a course of action. 

To determine passive range of movement, the practi- 
tioner must move the joint into its range, starting with 
flexion and moving through all the actions of the joint. 
The practitioner should always demonstrate the passive 
movement first and, if possible, apply the passive move- 
ment to the shoulder joint that has no pain or problem. 
The client should then be asked if there is any pain dur- 
ing the movement. The practitioner may be able to feel 
restrictions, clicking, or crepitus in the joint. Crepitus 
is any grinding, grating, or popping elicited during the 
movement of the joint. Examples include the grinding 
of the head of the humerus if it hits the acromion in 
abduction and the movement of the scapula if it makes 
noises rubbing on the ribs. The practitioner should 
never force passive range and should move only within 
the comfort level of the client's range, taking note of the 
results of each passive movement. 


Arc of Pain 


An arc of pain is a pain response during a portion of 
active or passive movement. One example of an arc of 
pain occurs when a client abducts the humerus and 
does not feel pain until the arm is about 90 degrees ab- 
ducted and then the pain subsides as the arm contin- 
ues to move in abduction. In this example, the cause 
could be the acromion and the humerus interacting 
a bit too closely. Remember, the rotator cuff lines up 
on the greater tubercle of the humerus. If there is not 
enough room for the humerus to slide under the acro- 
mion in abduction, it might impinge the parts of the 
rotator cuff muscles. Additionally, there is a subacro- 
mion bursa that could be irritated by the close prox- 
imity of the humerus. Arcs of pain are noteworthy no 
matter what position the humerus is in. 


Pain 


Pain is a warning sign: It keeps clients awake at night; 
it keeps muscles in a constant state of tension, splinting 
joints that hurt when moved; and it provides a reason 
why so much money is spent on analgesics and narcot- 
ics. Pain is not necessarily reliable. Just because pain 
is felt in one area does not mean the root cause of the 
problem is in the same area. For example, nerves could 
be compressed by arthritis in the neck and cause a 
spiraling, lightninglike pain down the upper extremity. 
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The pronator teres could entrap the median nerve and 
cause carpal tunnel symptoms in the hand. Myofascial 
pain refers often to remote areas and may not be lo- 
cated at all in the vicinity of the problem. However, 
all pain should be noted, and questions must be asked 
to draw out complete information about its severity. 
Clients should be questioned about the quality of the 
pain, which may be described as: 


e Shooting or burning 
e Numbness or tingling 
* A dullache 

+ Superficial or deep 

e Deep in the joint 

e Radiating 

e Hurting in one spot 


There is a difference between compressed nerve 
pain and somatic pain. Pain from muscles, skin, and 
joints is called somatic pain. Compressed nerve pain 
is often of the shooting, radiating, or burning vari- 
ety, whereas somatic pain can range from dull ache 
to deep joint pain. Some pain or discomfort may not 
be expressed until the therapist finds a sore area or 
attachment. The therapist must take care and use 
caution when palpating areas of concern to preveni 
irritating painful attachments, tendons, or soft tissue. 
Undiagnosed pain in and of itself is enough to consti- 
tute the need for a referral. 


Acute, Subacute, and Chronic 


There are three stages of the inflammatory response, 
which are commonly referred to as acute, subacute, 
and chronic. The acute stage has all the signs and 
symptoms of inflammation: redness, heat, swelling, 
pain, and loss of function. The acute stage is the most 
common arena of contraindications. A person who 
sprains her ankle experiences immediate swelling, pain, 
and lack of motion. Additionally, bruising and heat are 
readily apparent. When this occurs, the client needs 
to apply the rescue recipe of RICE: rest, ice, compres- 
sion, and elevation. Massage would be contraindicated 
for the ankle until it is in a chronic stage. 

The subacute stage has the same signs and symp- 
toms as those of the acute stage with the exception that 
none of the signs or symptoms are worsening. Swelling 
has reached a peak; it may not have diminished, but it 
is not getting worse. The client may still have to use ice 
on the ankle to lessen the existing swelling and to help 
reduce discomfort. The bruising is very obvious, and 
putting weight on the foot may not be an option. 

The chronic stage of pain might also have signs 
of the inflammatory process, but the symptoms have 


significantly decreased to manageable levels. Swell- 
ing subsides; pain is reasonable, if not gone; and the 
ankle and foot may be able to manage some weight 
bearing. The massage therapist sees most clients in 
the chronic stage of injury. Some of these clients have 
been in chronic pain for months or years. 

It is important for the massage therapist to think 
about the stages of inflammation when clients pres- 
ent with injuries, especially if the client appears to 
be hopping or otherwise incapacitated. Levels of pain 
must be examined for possible referrals. Shoulder 
joint and capsule injuries, rotator cuff conditions, 
bursa pathologies, and tendonitis and/or tendonosis 
all share stages of the inflammatory process. Thera- 
pists must take careful medical histories and proceed 
with caution, even keeping a pathology text nearby 
for reference when necessary. 


More Synergy 


The close relationship between the shoulder girdle 
and shoulder joint reflecis a dependency that needs 
to be examined to develop an effective and reasonable 
treatment goal. Chapter 5 introduced techniques for 
the shoulder girdle muscles. It is important to start 
with the shoulder girdle because the muscles that act 
on the clavicle and scapula are foundational to the 
shoulder joint. Chapters 4 and 6 determined that 
there exists a certain synergy between the shoulder 
girdle and the shoulder joint. The humerus hangs off 
the scapula perilously and must depend on the mus- 
cles and ligamenis to prevent force, momentum, and 
direction from dislocating the joint. The muscles have 
to oppose each other to stop the action, add another 
action, and stabilize the joint all at the same time. 
The shoulder girdle muscles provide stability for the 
shoulder joint and therefore often share the pain and 
soreness of the soft-tissue problem. Therapists could 
compare the soft tissue to unwinding a ball of twine. 
Generally, a person would not start in the center of 
the ball to unravel the twine. Instead, he would start 
at the easiest location and work inward, unwinding 
as the ball got smaller. This is also a good approach 
for soft-tissue work—palpating first and then pro- 
gressively unwinding. Therapists should start on the 
foundational shoulder girdle muscles and work out to 
the shoulder joint, working opposing muscles to cre- 
ate balance as the process continues. Additionally, the 
muscles will respond better if the joint is treated as a 
whole instead of in pieces. It is important to remem- 
ber thai massage is a conservative approach to health 
care and benefits the client in a natural process. Al- 
though the tissues might soften or release, the process 
of circulation will continue after the area has been 
worked. This is the body's natural response. 
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The side-lying shoulder posture is useful in a va- 
riety of circumstances, especially if the client can- 
not lay supine or prone on the table. Pregnancy after 
the first trimester prohibits the prone position; thus 
side-lying is the obvious alternative. Shoulder inju- 
ries, specifically adhesive capsulitis, benefit from the 
passive movement of the side-lying position. Thera- 
pists should practice using this position frequenily so 
that they will feel comfortable providing support to 
the client with pillows and draping. Shoulder tech- 
niques discussed in this chapter utilize the side-lying 
position. 


Dimensional Massage Therapy for 
the Shoulder Joint Muscles 


SIDE-LYING SHOULDER POSITION 
AND SEQUENCE 


Working with an individual in a side-lying position 
provides a unique opportunity to access muscles and 
areas denied by the usual supine and prone positions. 
Passive movement of the shoulder region is accessible 
in this position. Adjusting table height for side-lying 
techniques may be necessary; the table may need to 
be slightly lower, as a person on her side will be higher 
on the table than she would be in the supine position. 
Therapists should not sacrifice proper body mechanics 
in regard to table height or the side-lying position. 

Make sure the client is comfortable, with enough 
support to make the side-lying position worth the 
extra effort. Support the head with a small pillow or 
rolled towel, and place a pillow or bolster under the 
superior knee and thigh to maintain a flexed-knee po- 
sition. Straighten the inferior lower extremity. Try to 
keep the client's neck and spine fairly straight on the 
table and not collapsed forward in the trunk region. 
The head and neck need to be in aligsnment with the 
spine. Prop a pillow under the superior extremity to 
help prevent the client from moving into a fetal posi- 
tion and out of a side-lying posture. 

Draping can often be a challenge in the side-lying 
position. Use a twin sheet and a few extra towels if nec- 
essary. The pillow under the superior upper extremity 
often helps with draping, especially on a female client. 

The following techniques can be used entirely as a 
sequence and, when used wisely, also can be incorpo- 
rated into other treatment sequences. Remember to: 


e Always use treatment protocols to determine the 
sequence of a therapeutic session. 
e Palpate soft tissue. 


e Use warm-up techniques first, and determine the 
appropriate pressure. 


+ Passively shorten the muscles whenever possible. 


* Followa dimensional approach, and critically 
think about the involved joints and kinetic chain. 


* Work on healthy soft tissue and joints first; work on 
painful areas or those with restricted motion last. 


Elliptical Movement of the Shoulder 


Assist the client with the side-lying position, and 
stand facing the client at the shoulder region. Lift 
the superior upper extremity, and drape it over your 
forearm closest to the clients feet. Place your inferior 
hand on the client's teres major-latissimus area. Take 
your other hand and position it on the supraspinatus- 
upper trapezius region. Slowly, passively move the 
whole shoulder in an alternating clockwise and then 
counterclockwise motion. (See figure 7.1.) 


Middle Trapezius Petrissage 


With the client in the same side-lying position and 
using the same support for the clients arm, grasp the 
middle trapezius with the fingers of your superior 
hand moving between the scapula and the spine and 
your thumb on the ventral side of the trapezius. Using 
your inferior hand, push the shoulder superiorly to 
further access the middle trapezius. Petrissage the 
middle trapezius. (See figure 7.2.) 


Upper Trapezius Petrissage 


Using the same position as above, grasp the upper 
trapezius with your superior hand and petrissage the 
muscle. Bring the whole shoulder toward the head to 
passively shorten the upper trapezius a bit more while 
you are massaging the muscle. (See figure 7.3.) 


FIGURE 7.1 


Elliptical movement of ihe shoulder 
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Middle trapezius petrissage 


Upper trapezius petrissage 


Upper and Middle Trapezius Myofascial Stretch 


Using the same position as above, position your supe- 
rior hand on the upper trapezius; straddle the spine 
by bracing your thumb on one side and your fingers 
on the other side. While bracing your thumb, gently 
draw the tissues over the spine toward you. Start as 
close to the occiput as possible, and move inferiorly 
toward C7. (See figure 7.4.) Apply the same procedure 
to the middle trapezius. (See figure 7.5.) 


Open the Scapula 


Using the same position as above, mobilize the scap- 
ula so that you can curl your fingers around the verte- 
bral border. Jiggle and move the shoulder so that you 
can have better access to the area. (See figure 7.6.) 


Locate the Supraspinatus Trigger Point 


Locate the acromioclavicular joint. With your supe- 
rior hand, place your thumb on the supraspinatus 
closest to the AC joint. Bring the shoulder superior 


Upper trapezius myofascial stretch 


Opening the scapula 


with your other supportive forearm-hand combina- 
tion. Apply ischemic pressure, and check with the cli- 
ent for feedback about discomfort levels. Only apply 
pressure for 7 to 10 seconds. Stretch the surrounding 
tissue after release. (See figure 7.7.) 
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Supraspinatus trigger point 


Supraspinatus tendon 


Deep Transverse Friction of the Rotator 
Cuff Tendons 


Remember that you will be palpating through the del- 
toid when you are locating the rotator cuff tendons. 
Position the clients arm behind the back to locate 
the supraspinatus tendon on the superior facet of the 
greater tubercle; the head of the humerus rolls out from 
under the acromion in this position. Locate the tendon 
and apply deep transverse friction or circular friction 
to it. (See figure 7.8.) To locate the infraspinatus ten- 
don, drop the arm down in front of the client. Locate 
the middle facet of the greater tubercle and the infraspi- 
natus tendon. Apply deep transverse friction or circular 
friction to it. (See figure 7.9.) For teres minor, draw the 
arm a bit more forward, and locate the tendon on the 
inferior facet of the greater tubercle; apply deep trans- 


Teres minor tendon 


verse friction or circular friction. (See figure 7.10.) The 
subscapularis is located on the lesser tubercle anteriorly. 
Position the clients arm behind the back, and locate 
the coracoid process. The subscapularis tendon will be 
between the coracoid process and the lesser tubercle. 
Apply deep transverse friction or circular friction to the 
tendon. (See figure 7.11.) 


Compression of the Teres Major 


Face the table and hold the clients arm with your supe- 
rior hand as you compress with the inferior hand. Angle 
your hand to compress the muscle into the axillary bor- 
der of the scapula. There will be a slight one-two motion 
as you compress the muscle and slightly pull on the arm 
at the same time. Repeat several times. (See figure 7.12.) 


Compression and Myofascial Pull of the 
Latissimus Dorsi 


Repeat as above with compression on the latissimus. 
Place your thumb under the lip of the latissimus just 
below the axillary region. With your fingers, pull the teres 
major and latissimus over your thumb. (See figure 7.12.) 
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Subscapularis tendon 
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Compression of the teres major 


Serratus Anterior Access 


Hold the clients arm at the elbow joint with your su- 
perior hand as you face the table. Slide your thumb 
anterior to the scapula in the axillary region. Access 
the serratus anterior fibers on the ribs. Pin the fibers 
and gently pull the arm toward you. This process will 
give you access to apply ischemic pressure to the fibers 
of the serratus anterior. Ask the client for feedback, as 
this area may be very tender. Adjust your pressure. 
Hold for a short period of time, and then try to move 
to a different place on the fibers. (See figure 7.13.) 


Jostle the Deltoids 


Assist the client with the side-lying position, flex the 
arm, and hold the arm at the elbow joint. With your 


Serratus anterior access 


Jostling the deltoids 


other hand, grasp the deltoid (anterior, posterior, and 
middle), stretch slighily, and jostle it from origin to 
insertion. Repeat several times. (See figure 7.14.) 


Side-Lying Stretch of the Upper Extremity 


In the over-the-head position, stretch the upper ex- 
tremity and place one hand on the ribs while pulling 
with the elbow joint. This will effectively stretch the 
serratus anterior, external oblique, and posterior 
deltoid. (See figure 7.15.) 
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. 


d i 


Side-lying stretch of the upper extremity 


SUPINE POSITION 


Pectoralis Major Compression 


Standing next to the client at the side of the table, 
place your hand closest to the client on the pectora- 
lis major. Your fingers should drape over the ante- 
rior deltoid without pressure. Hold the client's arm 
at about 90 degrees from his body. Compress the 
pectoralis major while you pull the arm at the wrist 
away from the body. To prevent irritating the subdel- 
toid bursa, be careful not to compress the anterior 
deltoid. (See figure 7.16.) 


Pectoralis Major Jostling and Stretch 


Place your hand on the pectoralis major with your 
fingers on the ventral side of the muscle and your 


Pectoralis major compression 


Jostling and stretching the pectoralis major 


thumb in the axillary region. Slighily stretch and 
jostle the muscle. (See figure 7.17.) For a myofascial 
stretch, position your hand in the same manner as 
above. Instead of jostling, pull the tissues from the 
clavicle toward the axillary region. Two hands can 
also be used on a larger pectoralis major. 


Elliptical Movement of the Pectoralis Major 


Lift the upper extremity with your outside hand at the 
wrist. Place the fingers of your inside hand on the pecto- 
ralis major and your thumb in the axillary region. Now 
that you have genitle access, place the upper extremity 
on the table and join your other hand in a like posi- 
tion. Gently grasp the muscle and alternately move the 
pectoralis major in a clockwise and then counterclock- 
wise movement. (See figure 7.18.) Stretching from the 
clavicle can follow this technique as well. 


Deep Transverse Friction and Circular Friction for 
Pectoralis Major Attachments 


Locate the clavicular head of the pectoralis major. 
Apply deep transverse friction and/or circular friction 
just below the clavicle at the attachments. (See fig- 
ure 7.19.) Repeat to the sternal attachments. (See fig- 
ure 7.20.) For a female client, you may need to work 
over a towel on sternal attachments. 


Unwind the Twine 


Stand ata right angle to the table, facing the clients head. 
Pick up the clients wrist with your outside hand, and lift 
the upper extremity into flexion. Grasp the strings of the 
humeral attachment of the pectoralis major with your 


chapter 7  Deep-Tissue Techniques for the Shoulder Joint Muscles 149 


Elliptical movement of ihe pectoralis major 


Clavicular attachments 


thumb, and place your forefingers on the anterior mus- 
cle mass. Draw your grasping fingers and thumb from 
distal to proximal along the fibers of the attachments 
while moving the arm in a horizontal abduction move- 
ment, passively stretching the fibers. (See figure 7.21.) 


Strip the Coracobrachialis 


Pick up the clients arm at the elbow, and hold it over 
the trunk at a right angle (horizontal adduction). 
Locate the coracoid process with your hand that is 
closest to the body. Palpate the coracobrachialis from 


Sternal attachments 


Unwinding the wine 


the coracoid process to the humeral attachment. Lo- 
cate the coracobrachialis underneath the pectoralis 
major and anterior deltoid. Slightly strip as much of 
the muscle as possible. It will be tender. Be careful 
of the brachial plexus, and work in cooperation with 
your client. (See figure 7.22.) 


Subscapularis 


Locate the sore points, and apply circular friction to 
the fibers. Standing next to the supine client, grasp 
the client's arm above the elbow with your superior 
hand. Bring the arm out to about 90 degrees lat- 
erally in an abducted position. Place your inferior 
fingers under the scapula and your thumb in the 
axillary region. The clients forearm will rest over 
the forearm of the hand that is in position to work 


150 part2 Upper Extremities 


Stripping the coracobrachialis 


Subscapularis 


the subscapularis. Locate the anterior scapula with 
your thumb. Apply pressure on sore points and fi- 
bers. Be aware that this area may be very tender, so 
make sure to work with the client and elicit feed- 
back. (See figure 7.23.) 


Elliptical Movement of the Deltoids 


Perform an over-the-head stretch. Standing next to the 
client, facing her head, place your inside hand on the 
shoulder, and pick up the wrist with your outside hand. 
Take a step and pivot at the end of the table. Switch 
hands so that you are now holding the arm with both 
hands on either side of the shoulder joint. The elbow 
can be tucked in at your waist. In this position, grasp 
the deltoid on both sides of the muscle. Genily but 
furmly alternate moving the muscle in a clockwise and 
counterclockwise motion. (See figure 7.24.) 


Elliptical movement of ihe deltoids 


Deep transverse friction to the deltoid tuberosity 


Deep Transverse Friction to the Deltoid Tuberosity 


Locate the deltoid tuberosity, the insertion of the 
deltoids, and apply deep transverse friction to the at- 
tachment. (See figure 7.25.) Apply circular friction to 
the origins on the clavicle, acromion, and spine of the 
scapula. 


Rock and Roll the Deltoids 


Roll the deltoids around the humerus, and petrissage 
the muscles alternately. (See figure 7.26.) 


Stretch the Deltoids 


Cradle the clients arm over the top of the head in hy- 
perflexion for the humeral tease stretch. Hold one hand 
under the shoulder joint and one hand on the clients 
flexed elbow joint. Instead of just stretching, alternate 
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Rocking and rolling the deltoids 


Humeral tease stretch 


stretching and relaxing the shoulder joint in hyperflex- 
ion in a bit of an arc. Move the entire joint. (See fig- 
ure 7.27.) Place your inferior hand under the scapula. 
Hold the clients upper extremity at the elbow joint, and 
draw the arm across the body. (See figure 7.28a.) Circle 
the head with the upper extremity, and place your fore- 
arm on the table. Brace the clients arm next to your 
forearm; pull laterally using the hand underneath the 
scapula and the hand holding the elbow joint. (See fig- 
ure 7.28b.) Your hand will slide out from underneath 
the scapula; slide down the upper extremity distally 
with your other hand. (See figure 7.28c.) 


> 
Stretching to the side, step 1 


Stretching to the side, finish 


PRONE 
Latissimus Dorsi 


Always work the “good” side first as a means of com- 
parison and for the clients psychological preparation. 
Generally, stretch the fibers of the latissimus toward 
its humeral attachment. Finishing strokes can be done 
bilaterally, but most detail work is done unilaterally. 
Perform deep effleurage from the lower back to the 
axillary region. Apply circular friction on the aponeu- 
rosis attachments. Petrissage the muscle. Use ellipti- 
cal motion with the muscle and myofascial stretches. 
Remember the interdigitation of the external oblique 
and the latissimus dorsi and the close proximity of ser- 
ratus anterior. Locate potential short areas at these at- 
tachments, and stretch the tissues. Drag your fingers 
through the lower ribs for the attachments. Vibration 
along the spinal attachments addresses taut fibers. 


Pictures and additional descriptions for back 
muscle techniques are included in Chapter 16, “Deep 
Tissue of the Low Back and Posterior Pelvis.” 
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Introduction 


w For clients who do not have a diagnosis, it is best to 
follow the treatment protocol, starting with the clients 
medical history. This helps determine whether contrain- 
dications exist and enables the practitioner to have all 
the information necessary to create treatment goals. 


Active and Passive Ranges of Movement 


w Active movement is the range of motion of a particular 
joint that is performed by the client. 


v Passive movement is the range of motion of a particular 
joint that the practitioner administers to the client, who 
does not participate in the action. 


vw The therapist should demonstrate the action, whether 
active or passive, on an unrestricted pain-free side first. 
Then she should complete the activity and get feedback 
from the client. 

v Pain or restriction in active movements often can be 
sofi-tissue dysfunction. 


v Pain or restriction in passive movements can involve 
structures that are not soft tissue. They include, but are 
not limited to, joint capsules, nerves, ligamenis, bursae, 
and cartilage. 

v Undiagnosed clients with pain and/or restriction in pas- 
sive movement should be referred to the appropriate 
health care professional. 

v/ Restrictions in the joint sometimes make noise called 
crepitus. 


Arc of Pain 


vw An arc of pain is a pain response that is positive in a 
portion of the range of motion. 


w Any positive pain response should be noted in the med- 
ical history and SOAP notes. 


Pain 
w Somatic pain is pain from muscles, skin, and joints. 


w Nerve pain may come from bony compression or soft- 
tissue entrapment. 


vw The severity of pain can be described by the client on 
the basis of how it feels, including burning, radiating, 
dull, achy, superficial, deep, numbness, or tingling. 


w All pain must be noted and is a reason for referral. 


Acute, Subacute, and Chronic 

vw There are three stages of the inflammation response: 
acute, subacute, and chronic. 

vw Acute has all the signs and symptoms of inflammation: 
redness, heat, pain, swelling, and loss of function. 

v Subacute also may have all the signs and symptoms of 
inflammation, but the swelling has reached a zenith and 
is not increasing. 

w Chronic may still have signs of inflammation but does 
not have the intensity of acute or subacute. Signs and 
symptoms diminish in chronic. The chronic stage may 
last months or years in some cases. 


More Synergy 
w The shoulder joint relies on the shoulder girdle for sup- 
port, attachment, and muscular cooperation. 


vw ltis important to treat the shoulder girdle muscles first. 


Dimensional Massage Therapy for the Shoulder 

Joint Muscles 

w Always use treatment protocols to determine the se- 
quence of a therapeutic session. 

vw Use warm-up techniques first, and determine pressure 
intelligently. 

v Follow a dimensional approach, and critically think 
about the involved joints and kinetic chain. 

v Try the supine position first to efficiently prepare neck 
and shoulder muscles for further work. 

w The side-lying posture works well for accessing the 
shoulder joint. 

vw Prone techniques assist with further unwinding of the 
shoulder girdle and shoulder joint muscles. 


True or False 


Write true or false after each statement. 


1. Bursa is another name for ligament. 


2. An arc of pain begins and ends with the same 
constant pain. 


3. Somatic pain is nerve pain. 

4. Nerve pain can be suspected if the client is com- 
plaining of radiating, burning pain. 

5. Medical history, interview, and SOAP notes help 
determine whether there are any contraindications. 
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6. Ii is always safe to massage someone with an 
acute condition. 


7. The joint capsule is a structure that could cause 
pain in passive movement. 


8. Compression of the pectoralis major should be 
done carefully to avoid irritating the subdeltoid 
bursa. 


9. For side-lying techniques, the therapist 
should raise the table to maintain good body 
mechanics. 


10. Elliptical movement of the shoulder is a passive 
movement. 


Short Answers 
Write your answers on the lines provided. 


1. List the muscles of the shoulder joint. 


2. Why would there be pain in active movements 
and not in passive movements? 


3. What structures might cause pain in passive 
movement? 


6. What function does a bursa perform? 


7. List the signs and symptoms of the inflammatory 
process. 


8. What are the three stages of the inflammatory 
process? 


9. What should a therapist do if a client literally 
hopped into the office and claimed that he had 
just sprained his ankle? Should the therapist give 
the client a massage? 


10. What is the difference between somatic pain and 
compressed nerve pain? 


4. Why would a therapist refer a client experienc- 
ing pain during passive movement to an appro- 
priate health care provider? 


5. What is crepitus? 


Multiple Choice 
Circle the correct answers. 
1. The first step in conducting an active range-of- 
motion test is: 
a. to demonstrate the action 
b. to tell the client to flex the muscle 
c. to lift the joint without the help of the client 
d. none of the above 
2. Pain is: 
a. to be ignored in the client 
b. overrated 
c. a warning sign 
d. always a contraindication 


154 part2 Upper Extremities 


3. An arc of pain: 
a. is a pain response that is positive in a portion 
of the range of motion 
b. hurts during the entire range of motion 
c. goes away as soon as there is range of motion 
d. none of the above 
4. The signs and symptoms of the acute stage of the 
inflammatory process include: 
a. only swelling 
b. only pain 


c. heat, pain, swelling, loss of function, and 
redness 


d. only loss of function 

5. In an acute sprained shoulder, the signs and 
symptoms would include: 
a. heat, redness, and pain 


b. heat, redness, pain, swelling, and loss of 
function 


c. heat, redness, and swelling 
d. no heat or redness, just swelling 
6. A client who cannot lie in the supine or prone 
position can be positioned: 
a. upright 
b. side-lying 
c. comfortably in the supine only 
d. none of the above 
7. The practitioner may often have to 
the table for side-lying clients. 
a. raise 
b. do nothing to 


0) 


iul 


c. lower 


d. bolster 


. Chronic pain can last for: 


a. 48 hours only 
b. 72 hours only 
c. years 

d. 24 hours only 


. The only difference between acute and subacute 


is: 

„24 hours 

„ pain is no longer present 
„no difference 


2LO 99» 


„ the swelling is no longer increasing but has 
leveled off 


The quality of pain could be described as: 


a. burning 

b. radiating, numbness, or tingling 

c. dull, achy, superficial, deep 

d. all of the above 

The practitioner should investigate the state of 
the muscles of the before working on 
the shoulder joint. 

a. shoulder girdle 

b. abdomen 

c. lower back 

d. lower extremities 


1. Locate bony landmarks of the scapula, clavicle, 
and humerus on a partner. 


2. Locate the origin and insertions of the shoulder 
joint muscles on a partner. 


3. Locate the rotator cuff on a partner. 


4. Demonstrate how to passively shorten 
muscles of the shoulder joint in the side-lying 
position. 


5. Demonstrate some principles of safe body 
mechanics while performing massage 
techniques. 


. Demonstrate active and passive movements of 


the shoulder joint with a partner. 


. Practice supine-position deep-tissue techniques 


individually and in a sequence on a willing 
participant. 


. Demonstrate placing a partner in a side-lying 


position on a table with the correct table height 
and support for the individual. 


„ Demonstrate appropriate draping techniques for 


the side-lying position. Please refer to pictures in 
the text depicting appropriate draping techniques. 


The Elbow and Radioulnar Joints 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


8-1 Define key terms. 
8-2  Locate on a human skeleton all bony 
landmarks of the elbow and radioulnar joinis. 
8-3  Labelona skeletal chart all bony landmarks 
of the elbow and radioulnar joints. 
8-4 Draw and identify the muscles of the elbow 
and radioulnar joints on a skeletal chart. 
8-5  Palpate the muscles of the elbow and 
radioulnar joints on a partner. 
Anconeus Elbow joint 
KEY Biceps brachii Median nerve 
TERMS Brachialis 


Musculocutaneous 


Brachioradialis nerve 


8-6 


8-7 


8-9 


Explore the origins and insertions of the muscles 
of the elbow and radioulnar joints on a partner. 


Organize and list the agonists, antagonists, and 
synergists of the elbow and radioulnar joints. 


Demonstrate with a fellow student all the 
active and passive movements of the elbow 
and radioulnar joints. 


Practice basic stretching and strengthening 
appropriate for the elbow and radioulnar joints. 


Pronator quadratus Radius 
Pronator teres Supinator 
Radial nerve Triceps brachii 


Radioulnar joint 


Ulna 


Introduction 


Almost every upper-extremity movement involves 
the elbow and radioulnar joints. Repetitive action 
could be said to originate in the elbow joint region, 
as most muscles that control the hand and wrist 
have attachments there. Using a screwdriver, turn- 
ing a doorknob, or dragging products over a super- 
market scanner require the unique mechanism of 
supination and pronation made possible by the ra- 
dioulnar pivot joint. Coupled with its ability to flex 
the forearms, the upper extremity has a dynamic 


range of motion available to perform many com- 
plex movements. 

This text has grouped the elbow and radioulnar 
joints together because of their close anatomical 
relationship. The elbow joint is formed by the ulna 
articulating with the humerus; the radius pivots 
with the ulna to form the radioulnar joint. Under 
close inspection, elbow joint movements are clearly 
distinguishable as flexion and extension. Radioul- 
nar joint actions include supination and pronation, 
also known as radioulnar internal rotation and ex- 
ternal rotation, respectively. These movements are 
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quite different from those of the hand and wrist. 
The wrist is a condyloid joint that is capable of flex- 
ion, extension, abduction, and adduction. There is 
no rotary movement that takes place at the wrist. 


Students can avoid confusing these joint functions 
by isolating the movements and studying them one 
at a time. 


Bones 


The ulna is much larger proximally than the radius, 
but distally the radius is much larger than the ulna 
(figure 8.1). The scapula and humerus serve as the 
proximal attachments for the muscles that flex and 
extend the elbow. The ulna and radius serve as the 
distal attachments for the same muscles. The scapula, 
humerus, and ulna serve as proximal attachments for 
the muscles that pronate and supinate the radioulnar 
joints. The distal attachments of the radioulnar joint 
muscles are located on the radius. 

The medial condyloid ridge, olecranon process, 
coronoid process, and radial tuberosity are impor- 
tant bony landmarks for these muscles. Additionally, 
the medial epicondyle, lateral epicondyle, and lat- 
eral supracondylar ridge are key bony landmarks for 
the wrist and hand muscles, which are discussed in 
Chapter 10. 


Olecranon 


Radial notch 
of ulna 


” radius 
Coronoid process 


Neck of 
: radius 

radius 
Radial 
tuberosity 


Ulnar tuberosity 


Ulna 


Radius 


Interosseous 
borders 


Interosseous 
membrane 


Ulnar notch 
of radius 


Head of ulna 
Styloid process 


Styloid Articular facets 


— Styloid 


process process 


(a) Anterior view 


FIGURE 8.1 


(b) Posterior view 


Radius and ulna 
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Joints 


The elbow joint is classified as a ginglymus or hinge- 
type joint that allows only flexion and extension. The 
elbow may actually be thought of as two interrelated 
joints: the humeroulnar and the radiohumeral joints 
(figures 8.2 and 8.3). Elbow motions primarily in- 
volve movement between the articular surfaces of 
the humerus and the ulna—specifically, the humeral 
trochlea fitting into the trochlear notch of the ulna. 
The head of the radius has a relatively small amount 
of contact with the capitulum of the humerus. As the 
elbow reaches full extension, the olecranon process 
of the ulna is received by the olecranon fossa of the 
humerus. This arrangement provides increased joint 
stability when the elbow is fully extended. 

As the elbow flexes approximately 20 degrees or 
more, its bony stability is somewhat unlocked, allow- 
ing for more side-to-side laxity. The stability of the 
elbow in flexion is more dependent on the collateral 
ligaments, such as the lateral or radial collateral 
ligament and especially the medial or ulnar col- 
lateral ligament (figure 8.3). The ulnar collateral 
ligament is critical to providing medial support to 
prevent the elbow from abducting (not a normal 
movement of the elbow) when stressed in physical 
activity. Many contact sporis, particularly sports 
that involve throwing activities, place stress on the 
medial aspect of the joint, and this could result in 
injury. The radial collateral ligament on the opposite 
side provides lateral stability and is rarely injured. 
Additionally, the annular ligament is located later- 
ally, providing a sling effect around the radial head 
to secure its stability. 

The elbow is capable of moving from 0 degrees of 
extension to approximately 145 to 150 degrees of flex- 
ion, as detailed in figure 8.4. 

The radioulnar joint is classified as a rrochoid or 
pivot-type joint. The radial head rotates in its loca- 
tion at the proximal ulna. This rotary movement is 
accompanied by the distal radius rotating around the 
distal ulna. The radial head is maintained in its joint 
by the annular ligament. The radioulnar joint can su- 
pinate approximately 80 to 90 degrees from the neu- 
tral position. Pronation varies from 70 to 90 degrees 
(figure 8.5). 

Because the radius and ulna are held tightly together 
between the proximal and distal articulations by an 
interosseous membrane, the joint between the shafts 


Lateral 


ridge Coronoid fossa 
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Humerus 


Lateral 
supracondylar 


idea Capitulum 


Radial head 


Lateral Medial Olecranon Radial tuberosity 
epicondyle epicondyle fossa 
i Lateral Radius 
Capitulum Trochlea epicondyle ai 
di it Coronoid Olecranon 
radius 
process process 
p— Ulna 
Radial 
tuberosity Ulnar Radial notch 
tuberosity 
Radius Ulna (b) Lateral view 
(a) Anterior view 
Humerus 


Coronoid fossa 


Trochlea 
Radial tuberosity 


Radius 


Ulna 
Ulnar tuberosity 


(c) Medial view 


FIGURE 8.2 Right elbow joint 


of these bones is often referred to as a syndesmosis 
type of joint. There is substantial rotary motion be- 
tween the bones despite this classification. 

Although the elbow and radioulnar joints can and 
do function independently of each other, the muscles 
controlling each work together in synergy to perform 
actions at both that benefit total upper-extremity 
function. For this reason, dysfunction at one joint 
may affect normal function at the other. 


Coronoid process 


Medial 
epicondyle 


Olecranon 
process 


Trochlear notch 


SYNERGY BETWEEN THE 
GLENOHUMERAL, ELBOW, AND 
RADIOULNAR JOINT MUSCLES 


Just as there is synergy between the shoulder gir- 
dle and the shoulder joint in accomplishing upper- 
extremity activities, there is also synergy between 
the glenohumeral joint and the elbow and radioulnar 
joints. 
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FIGURE 8.3 Right elbow joint 
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FIGURE 8.4 ROM ofthe elbow 


As the radioulnar joint goes through its ranges of 
motion, the glenohumeral and elbow muscles con- 
tract to stabilize or assist in the effectiveness of move- 
ment at the radioulnar joint. For example, when one 


Humerus 


Joint .— 


Coronoid process 
Trochlea 


= | VA N 
A | Olecranon 
Radius La: ARI, bursa 


Articular cartilage 


Olecranon 


(b) Sagittal section 


Humerus 


Annular ligament 


Tendon of 
„7 biceps brachii 
A (cut) 


A 
= Radius 


Joint capsule 


Lateral 
epicondyle 


Radial 
collateral 
ligament 


Joint capsule 


Ulna 
Olecranon 


(d) Lateral view 


90* 90» 


FIGURE 8.5 ROM ofthe forearm: supination and pronation 


holds a screwdriver in the right hand and attempis to 
fully tighten a screw, the movement consists of radio- 
ulnar supination, which usually involves laterally ro- 
tating and flexing the glenohumeral and elbow joints, 


respectively. Conversely, when one attempts to loosen 
a tight screw, the movement consists of pronation, 
which usually involves medially rotating and extend- 
ing the elbow and glenohumeral joints, respectively. 
In either case, the body depends on both the agonists 
and the antagonists in the surrounding joints to as- 
sist in an appropriate amount of stabilization with 
the required task. This information is important to 
remember when analyzing actions and determining 
which muscles may be involved in injuries or engage 
in compensatory actions. Clearly, all movement is 
connected up the kinetic chain of the upper extremity 
to the shoulder girdle and neck. 


Movements 


& FLEXIBILITY & STIRENGTH 


Movements of the Humerus 
See figures 8.6 and 8.7. 


Elbow Movements 
FLEXION 


Movement of the forearm to the shoulder by bending the elbow 
to decrease its angle. 


EXTENSION 


Movement of the forearm away from the shoulder by straighten- 
ing the elbow to increase its angle. 


Radioulnar Joint Movements 
PRONATION (RADIAL ROTATION) 


Medial rotary movement of the radius on the ulna that results in 
the hand moving from the palm-up to the palm-down position. 


SUPINATION (ULNAR ROTATION) 


Lateral rotary movement of the radius on the ulna that results in 
the hand moving from the palm-down to the palm-up position. 


Muscles 


The muscles of the elbow and radioulnar joints are 
located in synergistic groups and are separated by 
function. The elbow flexors, located anteriorly (fig- 
ure 8.8), are the biceps brachii, the brachialis, and 
the brachioradialis, with some weak assistance from 
the pronator teres. 

The triceps brachii, located posteriorly, is the 
primary elbow extensor, with assistance provided by 
the anconeus (figure 8.9). The pronator group, lo- 
cated anteriorly, consists of the pronator teres, the 
pronator quadratus, and the brachioradialis. The 
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Scapula 


Extensors: Flexors: 
Triceps brachii Biceps brachii 
Long head Brachialis 


Lateral head 


Insertion 
| VA RS Su —— Radius 
Insertion y e Ulna 


FIGURE 8.6  Flexion, extension, pronation, supination movement 


supinator and biceps brachii perform supination 
assisted by the neutrally positioned brachioradialis. 
The supinator muscle is located posteriorly. 


CLINICAL 
NOTES 


The forearm muscles and different types of ten- 
donitis are discussed in Chapter 10. See Chapter 9 for 
elbow muscle and radioulnar joint techniques and 
Chapter 11 for hand and wrist muscle techniques. See 
Table 8.1 for a summary of the agonist muscles of the 
elbow and radioulnar joints. 


Lateral epicondyle 


Medial epicondyle 


Supinator 


Pronator teres 


Uina 


Radius 


Pronator quadratus 


Biceps 
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(a) Supination (c) Pronation 


FIGURE 8.7  Supination and pronation 


Supraspinatus 


Spine of scapula 
Greater tubercle 
of humerus 
Infraspinatus 


Clavicle 
Sternum 


Deltoid 
i A Humerus 

Pectoralis major 

Teres minor 


Coracobrachialis Teres major 


Triceps brachii: 
Lateral head 
Long head 
Medial head 


Biceps brachii 


Triceps brachii: 
Lateral head 
Long head 


Brachialis Latissimus dorsi 


Brachioradialis 


FIGURE 8.8  Elbow flexors, anterior view FIGURE 8.9  Elbow extensors, posterior view 
160 


TABLE 8.1 
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Agonist Muscles of the Elbow and Radioulnar Joints 


Name of Muscle 


Origins 


Insertion 


Actions 


Innervations 


Biceps brachii 


Brachialis 


Brachioradialis 


Triceps brachii 


Anconeus 


Pronator teres 


Pronator quadratus 


Short head: coracoid 
process of scapula 
Long head: supragle- 
noid tubercle of scapula 
Lower-half anterior 
shaft of humerus 


Lateral supracondylar 
ridge of humerus 


Long head: infraglenoid 
tubercle of scapula 
Lateral head: posterior 
humerus above spiral 
groove 

Mledial head: posterior 
humerus below spiral 
groove 


Posterior surface 
of lateral condyle of 
humerus 


Distal part of medial 
condyloid ridge of 
humerus and medial 
side of ulna 


Distal fourth of anterior 
side of ulna 


Tuberosity of the radius 
and bicipital aponeu- 
rosis 

(Lacertus fibrosis) 


Coronoid process of 
ulna 


Styloid process of 
radius 


Olecranon process of 
ulna 


Posterior surface of 
olecranon process of 
ulna and dorsal surface 
of ulna 


Middle third of lateral 
surface of radius 


Distal fourth of anterior 
side of radius 


Flexion of elbow, 
supination of fore- 
arm, weak flexion of 
shoulder joint 


True flexion of elbow 


Flexion of elbow in neu- 
tral position, pronation 
from supinated posi- 
tion, supination from 
pronated position 


Extension of elbow, 
long head: extension 
of humerus, adduction 
and horizontal abduc- 
tion of shoulder joint 


Extension of elbow, 
contracts with triceps 


Pronation of forearm, 
weak flexion of elbow 


Pronation of forearm 


Musculocutaneous nerve 
(05, C6) 


Musculocutaneous nerve 
and sometimes branches 
from radial and median 
nerves (C5, C6) 


Radial nerve (C5, C6) 


Radial nerve (C7, C8) 


Radial nerve (C7, C8) 


Median nerve (C6, C7) 


Median nerve (palmar 
interosseous branch) 
(06, C7) 
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Supinator Lateral epicondyle ridge  Lateral surface of upper  Supination of forearm Radial nerve (C6) 
of humerus, dorsal third of radius 
surface of ulna 
MUSCLE Elbow and Radioulnar Nerves 
SPECIFIC Joint Muscles—Location The muscles of the elbow and radioulnar joints are 
all innervated from the median nerve, muscu- 
Anterior Posterior Ă locutaneous nerve, and radial nerve of the bra- 
Biceps brachii Triceps brachii chial plexus. The radial nerve, originating from C5, 
Brachialis Anconeus C6, C7, and C8, provides innervation for the triceps 
Brachioradialis Supinator brachii, brachioradialis, supinator, and anconeus 
Pronator teres (figure 8.10). More specifically, the posterior in- 
Pronator quadratus 


terosseous nerve, derived from the radial nerve, sup- 
plies the supinator. The radial nerve also provides 
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Posterior cord of brachial plexus 


Medial cord 
of brachial 
plexus 


Lateral cord of brachial plexus 


Radial nerve 


Lateral head of 
triceps brachii m. 


"Pg 


Long head of 
triceps brachii m. 


Medial head of 


triceps brachii m. 
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longus m. 


Extensor digiti 
minimi m. 
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longus and 
brevis mm. 


Extensor 


digitorum m. Extensor indicis m. 


Extensor retinaculum 


FIGURE 8.10  Radial nerve 


sensation to the posterolateral arm, forearm, and 
hand. The median nerve, illustrated in figure 8.11, 
innervates the pronator teres and further branches 
to become the anterior interosseous nerve, which 
supplies the pronator quadratus. The median nerve's 
most important related derivations are from C6 and 
C7. It provides sensation to the palmar aspect of the 
hand and the first three phalanges. Ii also supplies 
sensation to the palmar aspect of the radial side of 
the fourth finger, along with the dorsal aspect of the 
index and long fingers. The musculocutaneous nerve 
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brachial plexus 


Median nerve 


Pronator teres m. 
Flexor carpi radialis m. 
Palmaris longus m. 


Superficial 
digital flexor m. 
Deep digital 
Flexor pollicis flexor m. 
longus m. 
Pronator 


quadratus m. Flexor retinaculum 


Thenar mm. 


Lateral lumbricales mm. 


Median nerve 


FIGURE 8.11 


(shown in Chapter 6, figure 6.5, page 122) branches 
from C5 and C6 and supplies the biceps brachii and 
brachialis. 


Individual Muscles of the Elbow 
and Radioulnar Joints 


BICEPS BRACHII MUSCLE 


Palpation 


The biceps bracbhii is easily palpated on the anterior 
humerus. The long-head tendon may be palpated 
in the bicipital groove, and the short-head tendon 
may be palpated just inferior to the coracoid pro- 
cess. Distally, the biceps tendon is palpated just an- 
teromedial to the elbow joint during supination and 
flexion. 


chapter 8 The Elbow and Radioulnar Joints 163 


OIAI MUSCLE CHART  BICEPS BRACHII (bi'seps bra'ki-i) Iwo-headed arm muscle 


Long head 


Short ic) Biceps brachii 


y Flexion 


ct Supination 


Name of Muscle Origins Insertion Actions Innervations | 
Biceps brachii Short head: coracoid Tuberosity of the radius Flexion of elbow, supina-  Musculocutaneous 
process of scapula and bicipital aponeurosis tion of forearm, weak nerve (C5, C6) 


(Lacertus fibrosis) îlexion of shoulder joint 


Long head: supraglenoid 
tubercle of scapula 


CLINICAL Muscle Specifics 


NOTES The biceps is actually considered a three-joint (mul- 


tiarticular) muscle—shoulder, elbow, and radioul- 
nar. It is weak in shoulder joint actions, although it 
does assist in providing dynamic anterior stability to 
maintain the humeral head in the glenoid fossa. It is 
more powerful in flexing the elbow when the radioul- 
nar joint is supinated. Ii is also a strong supinator, 
particularly if the elbow is flexed. Palms away from 
the face (pronation) decrease the effectiveness of 
the biceps, parily as a result of the disadvantageous 
pull of the muscle as the radius rotates. The biceps 
brachii works with the brachialis and brachioradia- 
lis to flex the elbow joint. The biceps brachii abducts 
the arm at the shoulder joint, though weakly, when 
it is laterally rotated with the middle deltoid and 
supraspinatus, and it assists the coracobrachialis 
and the clavicular head of pectoralis major in hori- 
zontal adduction. The triceps brachii is the main 
antagonist. 


164 part2 Upper Extremities 


Clinical Flexibility 


Due to the multiarticular orientation of the biceps 
brachii, all three joints must be positioned appropri- 
ately to achieve optimal stretching. To stretch the long 
head, begin with the arms at the sides, palms facing 
midline. Lift back into hyperextension with the triceps, 
keeping the elbow extended. The anterior capsule, in- 
cluding the biceps, is stretched at the end movement. 
Hold 2 seconds and repeat. To stretch the short head, 
clasp your hands behind your back and turn the palms 
posterior. This pronates the forearm. Lift the arms up 
into hyperextension, stretching genily. Another way to 
dynamically stretch the anterior capsule and biceps 
is with assistance. After reaching back into hyperex- 
tension on the first movement, the arms are moved 
into horizontal abduction by a partner and a stretch 
is applied to the anterior shoulder. Contraindications: 
Caution should be used if preexisting anterior-capsule 
issues are present. Arthroplasty patients should avoid 
the partner-assisted stretch with both arms. Instead, 
one arm may be stretched at a time. 


Strengthening 


Flexion of the forearm with a barbell in the hands, 
known as curling, is an excellent exercise for devel- 


oping the belly of the biceps brachii. Since develop- 
ing the belly makes for nice tone, using a dumbbell 
is usually the preferred method of strengthening 
this muscle, particularly in gyms. This movement 
can be performed one arm at a time with dumbbells 
or both arms simultaneously with a barbell. A more 
important movement, and one thai strengthens the 
proximal portion of the biceps at the shoulder, is 
shoulder flexion with resistance. Holding a dumb- 
bell thumbs up, bring the shoulder into flexion, hold 
for 3 seconds at the highest point, and return slowly 
to the start position. This exercise helps keep the 
long-head tendon stable in the bicipital groove. Con- 
traindications: These exercises are safe with con- 
trolled movement. 


BRACHIALIS MUSCLE 


Palpation 


Palpate the brachialis muscle deep on either side of 
the biceps tendon during flexion/extension with the 
forearm in partial pronation. The lateral margin of 
the brachialis may be palpated between the muscles 
of the biceps brachii; the triceps brachii and the belly 
may be palpated through the biceps brachii when the 
forearm is in pronation during light flexion. 


OIAI MUSCLE CHART  BRACHIALIS (bra'ki-a lis) True flexor of the forearm 


Brachialis muscle 


ij Flexion 


Name of Muscle Origins Insertion 


Brachialis 
of humerus ulna 


Lower-half anterior shaft  Coronoid process of 


Actions Innervations 


Musculocutaneous nerve 
and sometimes branches 
from radial and median 
nerves (C5, C6) 


True flexion of elbow 


CLINICAL 
NOTES 


Muscle Specifics 


The brachialis muscle is used along with other 
flexor muscles, regardless of pronation or supina- 
tion. Ii pulls on the ulna, which does not rotate, 
thus making this muscle the only true flexor of the 
elbow. Synergists include the biceps brachii and the 
brachioradialis. 
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Clinical Flexibility 


Since the brachialis is a true flexor of the elbow, it can 
be stretched maximally only by extending the elbow. 
Forearm positioning should not affect the stretch on 
the brachialis unless the forearm musculature itself 
limits elbow extension, in which case the forearm is 
probably best positioned in neutral. To stretch, flex one 
arm up in front of the body, elbow flexed, thumb up. 
Place the other hand under the elbow to brace it. Ex- 
tend the elbow, using the other hand to stabilize, and 
when the elbow is fully extended, ulnar flex the wrist. 
Stretch for 2 seconds. Repeat. Contraindications: This 
stretch is safe with controlled movement. 


Strengthening 


The brachialis muscle is called into action whenever 
the elbow flexes. It is exercised along with elbow curl- 
ing exercises, as described for the biceps brachii, 
pronator teres, and brachioradialis muscles. Elbow 
flexion activities that occur with the forearm pronated 
isolate the brachialis to some extent by reducing the 
effectiveness of the biceps brachii. Contraindications: 
Strengthening is safe with controlled movement. 


OIAI MUSCLE CHART  BRACHIORADIALIS (bra'ki-o-ra 'di-a lis) The neutral muscle 


Brachioradialis m. 


Supination 


Name of Muscle Origins Insertion 


Brachioradialis Lateral supracondylar 


ridge of humerus 


Styloid process of radius 


Actions Innervations | 


Flexion of elbow in neu-  Radial nerve (C5, C6) 
tral position, pronation 

from supinated posi- 

tion, supination from 


pronated position 
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BRACHIORADIALIS MUSCLE 
Palpation 


Palpate the brachioradialis muscle anterolaterally on 
the proximal forearm during resisted elbow flexion 
with the radioulnar joint positioned in neutral. 


CLINICAL 
NOTES 


Muscle Specifics 


The brachioradialis is one of three muscles on the lat- 
eral forearm sometimes known as the “mobile wad of 
three.” The other two muscles are the extensor carpi 
radialis brevis and extensor carpi radialis longus, to 
which the brachioradialis lies directly anterior. The 
brachioradialis muscle acts best as a flexor in a mid- 
position or neutral position between pronation and 
supination. In a supinated forearm position, it tends 
to pronate as it flexes. In a pronated position, it supi- 
nates as it flexes. This muscle is favored in its action of 
flexion when the neutral position between pronation 
and supination is assumed, as previously suggested. 
Its insertion at the styloid process at the distal end of 
the radius makes it a strong elbow flexor. Its ability as 
a supinator decreases as the radioulnar joint moves 
toward neutral. Similarly, its ability to pronate de- 
creases as the forearm reaches neutral. Because of its 
action of rotating the forearm to a neutral thumb-up 
position, it is referred to as the “hitehhiker muscle,” 
although it has no action at the thumb. As you will 
see in Chapter 10, nearly all the muscles originating 
off the lateral epicondyle have some action as weak 
elbow extensors. This is not the case with the bra- 
chioradialis because its line of pull is anterior to the 
elbow's axis of rotation. 


Clinical Flexibility 


The brachioradialis is stretched by maximally ex- 
tending the elbow with the shoulder in flexion and 


with the forearm in either maximal pronation or 
maximal supination. The stretch for brachialis, de- 
scribed above, can be performed for this muscle. 
Contraindications: These stretches are safe with con- 
trolled movement. 


Strengthening 


The brachioradialis may be strengthened by perform- 
ing elbow curls against resistance, particularly with 
the radioulnar joint in the neutral position, often 
called the “hammer curl,” in which the thumb is up. 
In addition, the brachioradialis may be developed by 
performing pronation and supination movements 
through the full range of motion against resistance. 
Iying on your side on a massage table, flex the elbow 
at 90 degrees and tuck it under your body. The wrist 
should be off the table at the crease, so move to the 
edge if necessary. Clasp a 12-inch dumbbell sleeve at 
the top, thumbs up, and slowly supinate, lifting the 
end ofit. Return to the start position. Switch to thumb 
down and clasp the sleeve again. This time, pronate 
the sleeve up. This is an excellent exercise for epicon- 
dylitis dysfunctions. Contraindications: Strengthen- 
ing is safe with controlled movement. 


TRICEPS BRACHII MUSCLE 


Palpation 


Palpate the triceps brachii on the posterior arm during 
resisted extension from a flexed position and distally 
just proximal to its insertion on the olecranon process. 


Long head: proximally as a tendon on the postero- 
medial arm to underneath the posterior deltoid 
during resisted shoulder extension/adduction. 


Lateral head: easily palpated on the proximal two- 
thirds of the posterior humerus. 


Medial head (deep head): medially and laterally just 
proximal to the medial and lateral epicondyles. 


CLINICAL 
NOTES 
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OIAI MUSCLE CHART  TRICEPS BRACHII (iri'seps bra ki-i) Three-headed muscle 


Long head 


Medial head 


Lateral head 


a 


Name of Muscle Origins Insertion 


Triceps brachii Long head: infraglenoid 


tubercle of scapula ulna 


Lateral head: posterior 
humerus above spiral 
groove 


Medial head: posterior 
humerus below spiral 
groove 


Muscle Specifics 


Typical action of the triceps brachii is shown in push- 
ups when there is powerful extension of the elbow. 
This muscle is used in hand balancing and in any 
pushing movement involving the upper extremity. 
The long head is an important extensor of the shoul- 
der joint. Two muscles extend the elbow.: the triceps 
brachii and the anconeus. 


Clinical Flexibility 


The triceps brachii should be stretched with both 
the shoulder and the elbow in maximal flexion. To 
achieve this, stand with arms at the sides. Lift one 
arm up into flexion, elbow extended. At the top, flex 
the elbow, touching the palm to the posterior shoul- 
der. Use the other hand to help assist a gentle 2-second 


Olecranon process of 


Actions Innervations 


Extension of elbow, 
long head: extension of 
humerus, adduction and 
horizontal abduction of 
shoulder joint 


Radial nerve (C7, C8) 


stretch. Repeat. Contraindications: This stretch is safe 
with controlled movement. 


Strengthening 


Push-ups demand strenuous contraction of the triceps 
brachii. Dips on the parallel bars are even more diffi- 
cult to perform. Bench pressing a barbell ora dumbbell 
is an excellent exercise. Overhead presses and triceps 
curls (elbow extensions from an overhead position) 
emphasize the triceps. Yet, as with the biceps brachii, 
the long head of the triceps at the shoulder is often 
overlooked. This proximal end should be strengthened 
to help maintain shoulder stability. To strengthen, use 
a dumbbell to perform shoulder extensions from a 
standing or forward-leaning, but supported, position. 
Start with your arms at your sides, thumbs forward, 
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and lift the weight into shoulder hyperextension. Hold 
3 seconds and slowly lower the weight. It is helpful to 
bend the knees during this movement, and the torso 
may flex forward slightly. Contraindications: Strength- 
ening is safe with controlled movement. 


ANCONEUS MUSCLE 


Palpation 


Palpate the anconeus muscle on the posterolateral 
aspect of the proximal ulna to the olecranon process 
during resisted extension of the elbow with the wrist 
in flexion. 


CLINICAL 
NOTES 


Muscle Specifics 


The chief function of the anconeus muscle is to pull 
the synovial membrane of the elbow joint out of the 
way of the advancing olecranon process during exten- 
sion of the elbow. It contracts along with the triceps 
brachii and is more ofa stabilizer for the elbow. Some 
clinicians believe that the anconeus may be a contin- 
uation of the triceps. 


Clinical Flexibility 


Maximal elbow flexion stretches the anconeus, so it 
can be stretched in the same way as the triceps. Since 
its action affects elbow extension only, focus during 
the stretch should be full flexion of the elbow. The 
elbow is maximally flexed as the humerus moves into 
flexion during the stretch, thus isolating the anconeus 
fibers. Contraindications: This stretch is safe with 
controlled movement. 


Strengthening 


The anconeus is strengthened with any elbow exten- 
sion exercise against resistance, in the same manner 
as the triceps. Contraindications: Strengthening is 
safe with controlled movement. 


OIAI MUSCLE CHART  ANCONEUS (an-ko'ne-us) Little elbow extensor 


Anconeus m. 


Extension 


Name of Muscle Origins 


Posterior surface of lat- 
eral condyle of humerus 


Anconeus 


Insertion 


Posterior surface of 
olecranon process and 


Innervations 


Actions 


Extension of elbow, con- 
tracts with the triceps 


Radial nerve (C7, C8) 


dorsal surface of ulna 


PRONATOR TERES MUSCLE 


Palpation 


Palpate the pronator teres muscle on the anterome- 
dial surface of the proximal forearm during resisted 
midpronation to full pronation. 


CLINICAL 
NOTES 
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Muscle Specifics 


Typical movement of the pronator teres muscle oc- 
curs with the forearm pronating as the elbow flexes. 
Movement is weaker in flexion with supination. The 
use of the pronator teres alone in movement tends to 
bring the back of the hand to the face as it contracts. 
Repetitive actions in the supine to prone position 
tend to promote stress on pronator teres and fatigue 
to the forearm muscles. 


Clinical Flexibility 


The elbow must be fully extended while taking the 
forearm into full supination to stretch the pronator 
teres. It can be stretched by holding a dumbbell sleeve 
or hammer handle. With the arm extended, pull on 
the end of the sleeve into supination, and stretch 
gently for 2 seconds. Repeat. Contraindications: This 
stretch is safe with controlled movement. 


OIAI MUSCLE CHART  PRONATOR TERES (pro-na tor te rez) Round pronator 


Pronator teres m. 


Name of Muscle Origins Insertion 


Pronator teres Distal part of medial 
condyloid ridge of hu- 
merus and medial side 


of ulna 


Middle third of lateral 
surface of radius 


Actions Innervations 


Pronation of forearm, 
weak flexion of elbow 


Median nerve (C6, C7) 
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Strengthening 


Pronation of the forearm with a dumbbell sleeve in 
the hand localizes action and develops the pronator 
teres muscle. Using the same exercise as that for the 
brachioradialis can help strengthen pronator teres. 
Lying on your side on a massage table, flex the elbow 
at 90 degrees and tuck it under your body. The wrist 
should be off the table at the crease, so move to the 
edge if necessary. Clasp a 12-inch dumbbell sleeve at 
the top, thumbs down. Pronate the sleeve up; then 
slowly return to the start position. Contraindications: 
This exercise is safe with controlled movemeni. 


PRONATOR QUADRATUS MUSCLE 


Palpation 


The pronator quadratus is very deep and difficult to 
palpate, but with the forearm in supination, palpate 
the pronator quadratus muscle immediately on either 
side of the radial pulse with resisted pronation. 


CLINICAL 
NOTES 


Muscle Specifics 


The pronator quadratus muscle works in pronat- 
ing the forearm in combination with the triceps in 
extending the elbow. It is commonly used in turning 
a screwdriver or in movements requiring extension 
and pronation. It is also used in throwing a curve ball, 
which requires elbow extension and pronation. 


OIAI MUSCLE CHART  PRONATOR QUADRATUS (pro-na tor kwad-ra tus) Named for its action and shape 


Pronator 
qvuadratus m. 


Name of Muscle Origins Insertion 


Distal fourth of anterior 
side of ulna 


Pronator quadratus 


———————————————————————————————— 


Distal fourth of anterior 
side of radius 


Actions Innervations 


Pronation of forearm Median nerve (palmar 
interosseous branch) 


(06, 07) 


Clinical Flexibility 


Because the pronator quadratus is a small muscle and 
its attachments are within inches of each other, stretch- 
ing it is difficult. Using the dumbbell sleeve again and 
moving it into extreme supination will help stretch 
this muscle (see the previous stretch). Contraindica- 
tions: This stretch is safe with controlled movement. 


Strengthening 


The pronator quadratus may be developed with 
pronation exercises against resistance, as described 
for the pronator teres. Contraindications: These exer- 
cises are safe with controlled movement. 


SUPINATOR MUSCLE 


Palpation 


Position the elbow and forearm in relaxed flexion 
and pronation, respectively, and palpate the supina- 
tor muscle deep to the brachioradialis, extensor carpi 
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radialis longus, and extensor carpi radialis brevis on 
the lateral aspect of the proximal radius with slight 
resistance to supination. 


CLINICAL 
NOTES 


OIAI MUSCLE CHART  SUPINATOR MUSCLE (su pi-na tor) Named for its action 


Name of Muscle 


Supinator Lateral epicondyle ridge 
of humerus, dorsal 


surface of ulna 


Lateral surface of upper 
third of radius 


Posterior Anterior 
Supinator m. 
Supination 
Origins Insertion Actions Innervations 


Supination of forearm Radial nerve (C6) 
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Muscle Specifics 


The supinator muscle performs supination when 
movements of extension are required, as in turning 
a screwdriver or throwing a curve ball. The supinator 
acts as the elbow is extended just before ball release. 
It is most isolated in activities that require supina- 
tion with elbow extension because the biceps brachii 
assists with supination most when the elbow is flexed. 
It can, however, be strengthened along with biceps 
brachii with the elbow flexed. 


Clinical Flexibility 


The supinator is stretched when the forearm is 
maximally pronated, so taking the weight sleeve 


Introduction 


vw Almost every upper-extremity movement involves the 
elbow and radioulnar joints. Supination and prona- 
tion come from both the proximal and distal radioulnar 
joints. These movements are also known as radial and 
ulnar rotation. 


Bones 

w The two bones that make up the elbow joint are the hu- 
merus and the ulna. The radius and the ulna articulate 
and are the two bones of the radioulnar joint. The me- 
dial and lateral epicondyles of the humerus on the distal 
end are important landmarks for muscles that control 
the hand and wrist. Other bony landmarks provide mus- 
cular attachment to make movement possible for the 
elbow and radioulnar joints. 


Joints 
w The elbow joint is a hinge, or ginglymus, joint, while the 
radioulnar joint is a pivot, or trochoid, joint. 


Movemenis 

v Elbow joint actions include flexion and extension of the 
forearm. 

v” Radioulnar joint actions are supination and pronation. 


Muscles 

w The biceps brachii and brachialis are located anterior- 
Iy, while the triceps brachii and anconeus are located 
posteriorly on the humerus. 

w The brachioradialis is considered to be the neutral mus- 
cle that spans from the lateral humerus to the thumb 
side of the hand at the styloid process of the radius. 

vw Muscles that act on the radius insert on the radius. The 
biceps brachii is a strong supinator and inserts on the 
tuberosity of the radius. 

w The supinator is located posteriorly and laterally. It origi- 
nates from the lateral epicondyle and ulna, and it inserts 
on the radius. 


into pronation with a gentle 2-second stretch will 
help stretch it. The elbow should be extended 
when pronating to better isolate this muscle. Con- 
traindications: This stretch is safe with controlled 
movement. 


Strengthening 


The dumbbell sleeve exercise used for the prona- 
tor teres muscle may be modified to develop the su- 
pinator. With the thumb up clasping the sleeve, the 
forearm is supinated to the thumb-down position to 
strengthen this muscle. Contraindications: This exer- 
cise is safe with controlled movement. 


vw The pronator teres originates from the medial epicon- 
dyle and ulna and inserts on the radius. Ii is located 
anteriorly and medially on the forearm. 

w The pronator quadratus is at the distal end of the forearm 
anteriorly and spans from the ulna to insert on the radius. 


Nerves 


vw The nerves that innervate the elbow joint and radioulnar 
joint muscles stem primarily from the brachial plexus. 
They include the median nerve, the radial nerve, and 
the musculocutaneous nerve. 


Individual Muscles of the Elbow and Radioulnar Joints 


vw Biceps brachii is a two-headed muscle that originates 
on the supraglenoid tubercle and coracoid process of 
the scapula and inserts on the tuberosity of the radius. 
The scapula attachments enable this muscle to flex the 
shoulder joint, as well as flex and supinate the radius. 
In this way, the biceps brachii acts on the elbow and 
radioulnar joints. 

vw Brachialis is considered the true flexor of the elbow joint 
as it does not originate on the shoulder girdle but, instead, 
begins on the humerus. It inserts on the ulna, which gives 
a true line of pull for flexion of the elbow joint. 

w Triceps brachii is a three-headed muscle that has one 
attachment for the long head on the infraglenoid tu- 
bercle of the scapula. Its attachment to the scapula 
enables the muscle to perform weak extension of the 
humerus. The lateral head and medial head begin on 
the humerus. All three heads insert on the olecranon 
process of the ulna and together extend the forearm. 

vw Anconeus is a small triangular-shaped muscle that at- 
taches at the lateral epiconayle of the humerus and in- 
serts on the olecranon process of the ulna. It works with 
the triceps in extension of the forearm. 

vw Brachioradlialis is named for its locations on the humer- 
us and on the styloid process of the radius. It governs 
the neutral position of the forearm and flexes the elbow 
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joint. The brachioradialis enables movement from supi- epicondyle of the humerus and ulna, and it inserts on 

nation to pronation and back. the radius. The pronater teres pronates the forearm and 
w Supinator begins on the humerus and ulna and inserts assists in flexing the forearm. 

on the radius. Supination is its only true action. w Pronator Quadratus is located anteriorly, distally, and 
w Pronator teres is located on the opposite side of the deeply close to the wrist. It assists in pronation of the 

forearm from the supinator. It originates on the medial forearm. 


Worksheet Exercises 2. What muscle controls the neutral position of the 
ă a s 2) 
As an aid to learning, for in-class and out-of-class forearm: 
assienments, or for testing, tear-out worksheets are 
found at the end of the text, pages 527-530. 
True or False 
Write true or false after each statement. 
1. The elbow joint is composed of the humerus and 3. How can the long head of the triceps be involved 
the radius. in shoulder joint extension? 


2. The humerus has two important medial and 
lateral epicondyles on the distal part of the bone 
near the elbow area. 

3. The biceps brachii is easy to palpate, whereas 
the brachialis is somewhat more difficult to pal- 
pate due to its location. 4. What nerve runs through pronator teres? 

4. The biceps brachii has two heads and originates 
on the head of the humerus. 

5. The insertion of the biceps brachii is on the ulna, 
and this is why it is able to rotate. 

6. The triceps brachii muscle inserts on the olecra- 
non process. 5 

7. The brachioradialis can be exercised and 
strengthened by the hammer curl. 

8. The median nerve goes through the pronator 
quadratus. 

9. The radial nerve innervates the supinator. 

10. The supinator, biceps brachii, pronator teres, 
and pronator quadratus all insert on the radius 6. How is it possible for the biceps to be involved 
and have action on the radius. with supination? 


. What nerve runs through the triceps? 


11. An effective way to help strengthen the forearm 
in supination and pronation is through resis- 
tance in ulnar and radial rotation. 


Short Answers 


Write your answers on the lines provided. 7. What are the two bones that articulate in the act 


1. Why is the brachialis considered a true flexor? of supination and pronation? 
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8. 


What action does the anconeus perform, and 
what muscle or muscles does it assist? 


. Where is the coronoid process, and what flexor 


of the elbow attaches to it? 


10. 


Name all the muscles that are antagonists of the 
supinator. 


ilil 


If a client developed tennis elbow, what other 
areas would you recommend strengthening be- 
sides the forearm muscles? 


12; 


For shoulder stability, what area of the biceps 
brachii is most important to strengthen? 


Multiple Choice 


Circle the correct answers. 


ile 


The biceps brachii inserts on the: 
a. greater tubercle 
b. coronoid process of the ulna 


c. tuberosity of the radius 
d. coracoid process of the scapula 


. The pronator quadratus inserts on the: 


a. distal radius 

b. proximal radius 

c. tuberosity of the radius 
d. distal ulna 


10. 


. The largest muscle in the forearm is the: 


a. biceps brachii 
b. triceps brachii 


c. brachioradialis 
d. supinator 


. The supinator and pronator teres are perfectly 


designed to oppose each other because: 

a. their origins are located on the lateral and 
medial epicondyles of the humerus 

b. they originate on the radius 

c. they insert on the radius 

d. they do not originate on the humerus 


„ The biceps brachii is able to flex the forearm in 


what position? 

a. extended position 

b. supinated position 

c. pronated position only 
d. none of the above 


. The elbow joint is classified as a: 


a. ball-and-socket joint 

b. hinge or ginglymus joint 
c. pivot 

d. condyloid 


. The pivot action of the radioulnar joint happens at: 


a. the wrist 
b. the shoulder joint 


c. the proximal and distal ends between the 
radius and the ulna 


d. none of the above 


. If you were turning a doorknob, you would be 


actively operating the: 
a. biceps brachii 

b. triceps brachii 

c. pronator teres only 
d. brachioradialis 


. The brachioradialis inseris on the: 


a. coronoid process of the ulna 

b. styloid process of the radius 

c. tuberosity of the radius 

d. medial epicondyle of the radius 

As the baseball comes into contact with the bat, 
the baseball player is actively using the: 

a. brachioradialis 

b. supinator 

c. triceps brachii 

d. biceps brachii only 


a 


1. Locate the following bony landmarks of the 
humerus, radius, and ulna on a human skeleton 
and on a partner. 


a. Skeleton: 


Medial epicondyle 
Lateral epicondyle 
Lateral supracondylar ridge 
Trochlea 

Capitulum 

Olecranon fossa 
Olecranon process 
Coronoid process 
Coronoid fossa 
Tuberosity of the radius 
Ulnar tuberosity 


. Subject: 


Medial epicondyle 

Lateral epicondyle 

Lateral supracondylar ridge 
Proximal radioulnar joint 
Olecranon process 
Olecranon fossa 

Styloid process 


== 
= O SO eo Il EA ls co o = 


SA) o al se Sil er 


2. Palpate the following muscles and their 
origins and insertions on a partner: 


a. Biceps brachii 
b. Brachioradialis 


Agonist 


Biceps brachii 
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. Brachialis 

. Pronator teres 

„ Supinator 
Triceps brachii 


(ie) mn) (0) fe (0) 


„ Anconeus 


. Palpate and list the muscles primarily re- 


sponsible for the following movements as you 
demonstrate each: 

a. Flexion 

b. Extension 

c. Pronation 

d. Supination 


„ Discuss the difference between flexing the fore- 


arm in a prone position and flexing it in a supine 
position. Describe the synergists used in the 
actions, and explain what muscles are stronger 
with the actions. 


. Analyze and list the differences in elbow and 


radioulnar joint muscle activity between turn- 
ing a doorknob clockwise and pushing the door 
open and turning the knob counterclockwise and 
pulling the door open. 


. Antagonistic muscle action chart: Fill in the chart 


by listing the muscle(s) or parts of muscles that 
are antagonistic in their actions to the muscles 
in the left column. 


Antagonist 


Brachioradialis 


Brachialis 


Pronator teres 


Supinator 


Triceps brachii 


Anconeus 
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7. Muscle analysis chart: Fill in the chart by listing the 
muscles primarily involved in each movemeni. 


Flexion : Extension 


Pronation 2 Supination 


8. The elbow joint is the insertion of what biarticu- 9. Lifting a television set as you help your roommate 
lar muscle? Describe what motions it is involved move in requires appropriate lifting techniques 
in at the elbow and at the superior joint of its and an effective angle of pull. Describe the angle 
muscular origin. of pull chosen at the elbow joint, and explain why 
it is chosen as opposed to other angles. 


The Radioulnar Riddle: Techniques 
for Repetitive Action 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 
9-1 Define key terms. 


9-2 List several median nerve disorders. 


9-3 Locate the medial and lateral epicondyles of 
the humerus to palpate muscles above and 
below the elbow and radioulnar joints. 


9-4 Discuss symptoms of a subacute flare-up. 


9-5 Practice safe body mechanics. 


Bursitis Golfer's elbow 
Carpal tunnel 
KEY syndrome Hypertonic 
TERMS Double-crush 
syndrome Lateral epicondylitis 


disorders 


9-6 Demonstrate specific techniques on the 


muscles of the elbow and radioulnar joints. 


9-7 Incorporate dimensional massage therapy 


techniques in a regular routine or use them 
when needed. 


9-8 Determine safe treatment protocols and refer 


clients to other health professionals when 


necessary. 
Medial epicondylitis Radial nerve Ulnar nerve 
Median nerve entrapment compression 


Subacute flare-up 


Pronator teres 
syndrome Tennis elbow 


Introduction 


Picking up a cup of coffee and lifting it to take a 
drink involves a number of movements. Not in- 
cluding specific movements of the hand and the 
stabilized wrist, the actions involved include flex- 
ion of the shoulder joint, flexion of the elbow joint, 
and a neutral position of the forearm with a little 
pronation from the radioulnar joint. Activities like 
drinking from a cup are easy to take for granted 
because these repetitive actions are a part of daily 
life. The elbow and radioulnar joinis are strategi- 
cally located between the shoulder and the hand 


and wrist. The shoulder joint allows for movement 
that enables the elbow joint and the radioulnar 
joint to work synergistically together. The elbow 
and radioulnar joints further enable the distal 
hand and wrist to perform intricate detail work, 
including grasping, and individual digital actions 
in specific forearm positions. 

The muscles involved in the actions of the el- 
bow and radioulnar joints span from parts of the 
scapula to the wrist. This expansion of attach- 
ments protects the midway-spaced joinis with in- 
tegrity. It also connects the kinetic chain of the 
upper extremity and spreads the discomfort levels 


177 


from repetitive actions. Flexion and extension 
are straightforward. Any muscle inserting on the 
ulna has something to do with flexion or exten- 
sion. The radioulnar joint adds complexity to the 
forearm activities with supination and pronation. 
Muscles that insert on the radius have the addi- 
tional ability to be involved in supination and/or 
pronation. Many of the muscles that contribute to 


the functions of the hand and wrist originate on 
or near the medial and lateral epicondyles of the 
humerus. The added soft-tissue links complicate 
this area and produce a lot of torque, force, and 
pull on muscles and tendons and at attachments. 
Thus, the muscles and soft tissue of the elbow 
joint region are a frequent source of tenderness 
and overactivity. 


Injuries and Overuse Syndromes 
FRACTURES AND DISLOCATIONS 


There are a variety of soft-tissue problems and bony 
injuries that can occur in the elbow region. Like any 
joint in the body, the elbow and radioulnar joints are 
susceptible to dislocation and fracture from trauma. 
The journey to recovery from a fracture to the head 
of the radius as it articulates with the ulna can be 
difficult. Because the radius rotates against the ulna, 
the mobility necessitates no casting. A cast would im- 
mobilize the joint and likely “fuse” or severely limit 
motion as the joint heals. Massage would be contrain- 
dicated, as the condition heals very slowly and has to 
retain movement. Additional circulation in the lim- 
ited area could inflame and irritate the joint. 

Dislocated elbow joints are painful and warrant 
a trip to the emergency room. The elbow joint is a 
confined area with nerves and vessels traversing dis- 
tally to the hand and wrist. A dislocated elbow joint 
could constrict circulation or nerve function locally 
as well as distally. Ligamenits are often tom in the pro- 
cess, and tendons—if not torn—could be strained in 
the injury. Even after the dislocation has been safely 
reduced, massage should be avoided on the affected 
area until bruising is minimal or gone, swelling is 
significantly reduced, circulation is normal, and it is 
safe to apply pressure to the soft tissue. Whenever an 
isolated joint in the body suffers trauma, the rest of 
the body compensates for the injury. Massage therapy 
is beneficial and supports the individual emotionally 
and physically during the recovery process. 


BURSITIS AND TENDONITIS 


Bursitis is a condition that produces painful move- 
ment in the elbow area. Often coupled with medial 
epicondylitis, bursitis is simply an inflammation of a 
bursa. The swelling of a bursa in this area can get big- 
ger than a golf ball. The bursa is often treated medi- 
cally and drained. Medial epicondylitis, or golfer's 
elbow as it is commonly called, is simply tendonitis, 
an overuse condition that is not simple in nature or 
healing. 


178 


On the lateral side of the elbow joint around the 
lateral epicondyle is a highly torqued area that is the 
site of lateral epicondylitis, or tennis elbow. Com- 
monly caused by overuse, this tendonitis produces 
painful movement and discomfort in the hand and 
wrist. Other overuse conditions are tendonosis and 
tenosynovitis. See Chapter 11 for a closer look at ten- 
donitis, tendonosis, and tenosynovitis. 


Soft-Tissue Issues 


Chronic, painful repetitive injuries often have spells 
of subacute flare-ups. A subacute flare-up is a re- 
sponse to a chronic injury that is not allowed to rest. 
The site is not a new injury but, instead, is a badly 
abused area that generally evokes more vociferous 
complaints of pain from its sufferers. It may have all 
the symptoms of the acute stage. Overuse has made 
the area worse and pushed ii from a chronic stage 
to a subacute stage. It is not necessary for an injury 
to be new to appear in its symptoms as acute. An ice 
bag or ice massage is a good initial step for the sub- 
acute flare-up to reduce the inflammation, swelling, 
and pain. 

Using the forearm and arm muscles repeatedly can 
cause sore and often hypertonic muscles. Muscles go 
through an involved process every time they contract, 
and they need oxygen, which is obtained through cir- 
culation, in order to perform. After continuous activ- 
ity, the muscle begins to fatigue and can no longer 
function to its optimum capacity without producing 
pain and discomfort. Massage therapy can provide 
relief for hypertonic muscles. Manual movement of 
tissues assists in circulation and relieves congestion 
in the muscle fibers by promoting oxygen supply and 
eliminating waste, such as lactic acid. 

The origins and insertions of tendons are often ten- 
der at the attachment sites. If a rope was secured to 
a tree and a person pulled on the rope continuously, 
it would be only a matter of time before the rope 
would start to fray. Many tendons have tenuous at- 
tachments. Some are even ropelike, which adds more 
strength to the connection of soft tissue to bone. Like 
a rope, however, given enough pull and torque, the 
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tendon can start to tear. This can be the beginning of 
tendonitis or tendonosis, but it is most certainly the 
beginning of tenderness at the attachment site. 


Nerve Complaints 


The cubital tunnel is an area between the medial epi- 
condyle and the olecranon process. The ulnar nerve 
resides in the cubital tunnel. Ulnar nerve compres- 
sion occurs when the ulnar nerve does not have 
enough room in the tunnel, usually from the place- 
ment of the elbow joint. One clinical solution is to 
surgically move the ulnar nerve so that it is no longer 
in jeopardy of compression. 

The radial nerve runs through a variety of arm and 
forearm muscles before it ends distally in the hand. 
Entrapment of the radial nerve can occur in the tri- 
ceps as well as the supinator. Surgery to the supinator 
can release radial nerve entrapment if all conserva- 
tive measures fail. 

Median nerve disorders include carpal tunnel syn- 
drome, pronator teres syndrome, and double-crush 
syndrome. Median nerve disorders are all vulnerable 
to median nerve entrapment from the brachial plexus 
to the wrist. As discussed in Chapter 4, the pectora- 
lis minor controls abduction of the scapula and can 
entrap the brachial plexus. The median nerve travels 
through the fibers of the pronator teres that can en- 
trap the nerve and cause pronator teres syndrome. 
Repetitive action of pronation with the upper extrem- 
ity in front of the body and the scapula abducted can 
set up an entrapment environment by the pectoralis 
minor and pronator teres known as the double-crush 
syndrome. The carpal tunnel has very little room, 
and the median nerve sits on top of the tendons just 
below the flexor retinaculum. Median nerve inflam- 
mation in the carpal tunnel is called carpal tunnel 
syndrome, and surgery is a common solution for this 
condition. See Chapters 10 and 11 for more on carpal 
tunnel syndrome. 


Unraveling the Riddle 


Addressing an area of the body that sees constant re- 
petitive action requires treating the entire extremity, 
generally starting with the shoulder girdle muscles. 
It is important for the client to be suitably relaxed 
before the practitioner begins working on a painful 
area. As discussed in Chapiters 4 and 6 on the shoul- 
der girdle and shoulder joint, respectively, the upper 
extremity is attached to the scapula, and the soft 
tissue contains a massive communication network. 
The upper trapezius and levator often will shorten to 
elevate the scapula while the rest of the upper extrem- 
ity tries to protect the injury site. Although there may 


be nothing wrong with the shoulder joint, pain in the 
elbow joint can subconsciously prevent a person from 
trying to move the entire limb. Relaxing the shoulder 
girdle muscles that have been compensating for ten- 
sion creates a positive response pattern. 

It is beneficial for the manual therapist to work 
first on the upper extremity that has fewer or no clini- 
cal problems. This gives the practitioner valuable in- 
formation about the clients healthy soft tissue and 
its density. The client benefits from the psychologi- 
cal support, as there is no discomfort in those tissues, 
and subsequently experiences less anxiety. 

Stari on the joint above the troubled area first; then 
work on the arm muscles for the elbow area. Using 
no lubrication to start, apply techniques that are not 
painful or area-specific. Rolling, elliptical movement, 
myofascial techniques, josiling, and compression are 
useful methods to begin massaging a limb. Begin with 
the hyperflexed position for passive shortening of the 
deltoids and easy access to the biceps and triceps; then 
use dual-hand distraction techniques to unwind tight 
tendons and joints. Next, intersperse regular Swedish 
techniques, and remember to work on the attachment 
sites. The attachments are tender for a reason. Cir- 
cular friction will increase circulation and increase 
activity inside the fibers. It is sometimes useful to ice 
the attachments that are painful before working on 
them, especially if there is a subacute flare-up. 

With the client still in a supine position, move from 
the arm muscles to the brachioradialis. It is the larg- 
est of the forearm muscles and carries a big workload. 
The brachioradialis performs flexion of the elbow and 
also supports supination and pronation. Approach 
the area in the manner suggested above for the arm 
muscles, using no lubrication at first and following 
the treatment techniques described below. Be careful 
around the lateral epicondyle area, and unwind the 
whole area before performing any deep-tissue tech- 
niques that may be painful. Although you should se- 
quentially treat painful attachments last, never end 
with a technique that elicits a painful memory. One 
good technique for closing the session includes ef- 
fleurage to the entire extremity. 

To review, remember to: 


e Always use treatment protocols to determine the 
sequence of a therapeutic session. 
+ Palpate tissues. 


* Apply techniques to the uninvolved upper extrem- 
ity first. 


e Use warm-up techniques first, and determine 
pressure intelligently. 


* Followa dimensional approach, and critically 
think about the involved joints and kinetic chain. 


+ Passively shorten the muscles whenever possible. 
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* Work on the shoulder girdle muscles first. 


* Move onto the arm muscles and their attach- 
ments. 


* Approach the forearm methodically, superficial to 
deep. 


The group of techniques described below can be 
used as a complete sequence or be incorporated into 
other treatment sequences. These techniques support 
your purpose of reducing hypertonicities, lengthening 
fibers, separating tissues, reducing soreness and pain 
levels, increasing flexibility, and increasing movement 
to restricted action. 


Dimensional Massage Therapy for 
the Muscles of the Radioulnar and 
Elbow Joints 


Before beginning with technique application, do not 
forget to palpate the tissues and use touch to deter- 
mine where tension exists in the tissue and if hyper- 
tonicity is present. Then assess the client's response 
to your touch. 


SUPINE—FLEXED-ARM POSITION 


Stand at the head of the table in a balanced position. 
Bring your body down to the clients level so that the 
clients arm remains at a comfortable angle. Make 
sure you are able to move with the application of the 
techniques and do not stay in a stagnant position. 


Rock and Roll 


With the client's arm flexed over his head and with his 
forearm cradled at your waist, lightly grasp the tri- 
ceps and biceps with your hands and roll the muscles 
around the humerus. (See figure 9.1.) 


Elliptical Movement of the Deltoids, Biceps, 
and Triceps 


Using the same arm position as above, elliptically move 
the deltoids, biceps, and triceps. (See figure 9.2.) 


Humeral Joint Tease 


Using the same flexed-arm position as described 
above, grasp the deltoids close to the shoulder joint 
as you are cradling the arm with your other hand. 
Move the shoulder in a circular movement, effectively 
bringing the joint together and separating the bones. 


Jostle the Deltoids, Biceps, and Triceps 


Hold the clients arm at the elbow joint with one hand. 
With the other hand, josile the anterior, middle, and 
posterior deltoids while the arm is in the flexed posi- 


FIGURE 9.1 


Rock and roll of the biceps and triceps 


FIGURE 9.2  Elliptical movement of the biceps and triceps 


tion. In the same over-the-head position, grasp the bi- 
ceps with a loose grip, slightly stretch the tissue, and 
jostle from origin to insertion. Repeat several times. 
Switch hands holding the clients arm, and repeat 
the procedure with the triceps. (See figure 9.4 for the 
hand position.) 


Deep Transverse Friction to the Deltoid Tuberosity 


While the client's upper extremity is in the flexed po- 
sition, locate the deltoid tuberosity and apply deep 
transverse friction to the insertion with your thumb. 
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ît 
Ş 4 | Petrissage of the elbow joint with distraction 
A : 
one hand and grasp the brachioradialis with the other 
hand. Petrissage the triceps and the forearm muscles 
Alternating compressive effleurage for the triceps as you slightly flex and extend the elbow repeatedly. 
and biceps This stretches the soft tissues at the elbow joint as 


you massage the muscles. (See figure 9.5.) 
Alternate Compressive Effleurage Locate the Origin of the Long Head of the Triceps 
With the client's arm in the flexed position, stroke the 
triceps and biceps toward the shoulder first with one 
hand and then the other. Use deep, fluid strokes and 
some lubrication. (See figure 9.3.) 


With the clients upper extremity in the flexed posi- 
tion over her head, locate the infraglenoid tubercle 
on the scapula. Use circular friction on the origin of 
the long head of the iriceps. Use caution with your 
pressure; this attachment could be unexpectedly sore. 


Alternate Petrissage on the Triceps and Biceps | Soeufiatitic9.6 ) 


Pick up tissues and alternate applying petrissage to 
the biceps and triceps while you pin the clients arm 
in the flexed position to your waist. (See figure 9.4.) 


Petrissage the Elbow Joint with Distraction 


With the clients upper extremity in the flexed posi- 
tion, lightly grasp the distal end of the triceps with 


Alternating petrissage on the triceps and biceps Locating the long head of the iriceps 
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i 


Broad stripping the îriceps 


tendon the triceps insertion 


Broad Strip the Triceps Tendon 


Using the same position for the upper extremity as de- 
scribed above, locate the triceps insertion, and broad 
strip it with one thumb or with alternating thumbs. 
Slide from the olecranon process into the bulk of the 
muscle. (See figure 9.7.) 


Deep Transverse Friction of the Triceps Insertion 


In the same flexed position, locate the olecranon pro- 
cess and apply deep transverse friction to the triceps 
insertion broadly with your thumb in one direction 
or with two thumbs in opposing directions. (See fig- 
ure 9.8.) 


Locate and Strip the Biceps Radial Attachment 


Place the clients forearm in a supine position, and 
locate the insertion of the biceps tendon at the radial 
tuberosity. Flex and extend the elbow joint as you 
strip the insertion. (See figure 9.9.) 


SUPINE 


Use ice if necessary for acute tendon conditions. 


Compressive Effleurage of the Brachialis 


With the client's forearm in a supine position, apply 
compressive effleurage with relaxed soft hands to the 
lateral side of the arm. Use your body weight and mo- 
mentum to sink into the tissues. 


Deep iransverse friction of 


Stripping the radial 
inseriion of the biceps 


Compression to the Forearm and Brachioradialis 


Use the palm of one hand to compress the belly of 
brachioradialis. Passively shorten the brachioradialis 
by flexing the clients elbow joint or laying the fore- 
arm flat on the table. (See figure 9.10.) 


Compression of the brachioradialis 
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Jostling ihe brachioradialis 
forearm muscles 


Jostle the Brachioradialis 


Pick up the bulk of the muscle close to the clients 
elbow joint, apply a bit of a stretch, and jostle the 
brachioradialis toward the wrist. Repeat several 
times. (See figure 9.11.) 


Elliptically Move the Forearm Muscles 


Pick up the clients forearm (palm down), and grasp 
the muscles on both sides with your thumbs top- 
side-up and fingers positioned on the other side of 
the forearm. Elliptically move the forearm muscles. 
Notice how the radius shows movement. Move your 
hands in a variety of positions from proximal to dis- 
tal. (See figure 9.12.) 


Friction, Broadening, and Vibration of the 
Brachioradialis 


Use any or all of these strokes to the brachiora- 
dialis to isolate it and loosen it from other sticky 
tendons. For broadening, place the client's forearm 
in a neutral position. Place your hands proximal to 
the elbow joint, and begin lifting and spreading the 
brachioradialis with your thumbs and the thenar 
side of your palm; then move distally toward the 
wrist and repeat the process. (See figure 9.13 for 
broadening.) 


Elliptically moving îhe 


Broadening the 
brachioradialis 


Myofascial Stretch for the Brachioradialis 


Ata right angle to the forearm, pick up the belly of the 
muscle and draw the tissue over your thumbs. Start 
close to the clients elbow joint, and work toward the 
wrist. Repeat. (See figure 9.14.) 


Myofascial stretch for the brachioradialis 
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Parallel thumbs on the 


brachioradialis 


Parallel Thumbs on the Brachioradialis 


At a right angle to the clients forearm, pick up the 
tissue with an alternating thumb-over-thumb tech- 
nique, moving from the elbow to the wrist. (See fig- 
ure 9.15.) 


Compressive Effleurage of the Brachioradialis 


Hold the ulnar side of the clients hand. With your 
other hand, straddle the brachioradialis muscle in 
neutral. Using your body weight and momentum, 
stroke from the distal end toward the elbow with a 
soft, compressive hand instead of hard hand pres- 
sure. Repeat several times. (See figure 9.16.) 


Deep Transverse Friction, Circular Friction, or 
Stripping of the Origin of the Brachioradialis 


Locate the supracondylar ridge, and apply deep trans- 
verse friction, stripping, or circular friction to the 
origin of the muscle. Locate the radial attachment, 
and apply deep transverse friction to the tendinous 
attachment. (See figure 9.17 for the origin and fig- 
ure 9.19 for the insertion.) 


Deep Transverse Friction or Circular Friction of 
the Anconeus 


In the supine position, locate and apply deep trans- 
verse friction and/or use circular friction on attach- 
ments of the anconeus between the lateral epicondyle 


Compressive effleurage 
of the brachioradialis 


Stripping the origin of 
the brachioradialis 


Circular friction of the anconeus 


of the humerus and the olecranon process of the ulna. 
(See figure 9.18.) 


Strip the Radial Attachment of the Brachioradialis 
with Movement 


Hold the clients wrist and hand in neutral with one 
hand. Locate the radial attachment at the wrist, and 
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FIGURE 9.19  Stripping the radial attachment of the 
brachioradialis 


Introduction 


v” Repetitive actions are a part of one's daily activities. 


v The elbow joint and radioulnar joint are strategically 
located between the shoulder joint and the hand and 
wrist. 


w The location of the joints provides more action for the 
hand and wrist, but often at the expense of overuse. 


Injuries and Overuse Syndromes 
v Dislocations and fractures are not uncommon to the 
elbow region. 


v Bursitis often accompanies medial epiconaylitis, or 
golfer's elbow. 


w Lateral epicondylitis is a tendonitis located on the lateral 
side of the elbow joint. 


Soft-Tissue Issues 


vw A subaculte flare-up is a response to a chronic injury 
that has not been allowed to rest. 


w Hypertonicity is a condition of soft tissue that is in a state 
of fatigue with too much congestion in the muscle. 


vw Attachment sites often have tenderness. 


Nerve Complaints 


w Ulnar nerve compression takes place when the ulnar 
nerve does not have enough room in the cubital tunnel. 


as you move the wrist in an alternating sideways 
direction (radial flexion and ulnar flexion), strip the 
tendon with the thumb of your opposite hand. (See 
figure 9.19.) 


Alternating Petrissage of the Brachioradialis 


Ata right angle to the muscle, alternate your hands in 
a petrissage technique. 


Compressive Effleurage to the Entire Extremity 


Note: The supinator as well as other forearm muscles 
will be worked with elliptical movement of the fore- 
arm. The pronator teres has been included in the flex- 
ors of the hand and wrist in Chapter 11, and there are 
additional techniques listed in Chapter 11 that will 
complete work on the forearm. 


v The triceps and supinator can entrap the radial nerve. 

vw Median nerve disorders include carpal tunnel syn- 
drome, pronator teres syndrome, and the double-crush 
syndrome. 


Unraveling the Riddle 

w Shoulder girdle muscles contribute to compensatory 
discomforts. 

w Work on the uninvolved upper extremity first. 


w Follow a dimensional approach, and critically think 
about the involved joints and kinetic chain. 


vw Always use treatment protocols to determine the se- 
quence of a therapeutic session. 


Dimensional Massage Therapy for the Muscles of the 

Radioulnar and Elbow Joints 

w The purpose of massage therapy is to reduce hyperto- 
nicities, lengthen fibers, separate tissues, reduce sore- 
ness and pain levels, increase flexibility, and increase 
restricted movements. 


w Palpate the tissues and use touch to determine where 
tension exists in the tissue and whether hypertonicity is 
present; then assess the clients response to your touch. 

v Begin with the client in a supine position. 

w Approach techniques methodically, unwinding soft tis- 
sue superficially to deep. 
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True or False 


Write true or false after each statement. 

1. Muscles that insert on the ulna can perform 
extension only. 

2. Massage can immediately be applied to the 
elbow area after a radial head fracture. 

3. Hypertonic soft tissue can benefit from massage 
therapy. 

4. The radial nerve goes through the carpal tunnel. 

5. Active and passive range of motion can help 
determine whether to refer a client to another 
health professional. 

6. The ulnar nerve lies in the cubital tunnel. 

7. There are no areas of tenderness around the 
medial or lateral epicondyles. 

8. The brachioradialis is used for hammering a nail 
or twisting a doorknob. 


9. Ischemic pressure or deep transverse friction can 
be applied immediately on painful tendon at- 
tachments without any warm-up anywhere else. 


10. A subacute flare-up of a chronic injury may 
require ice treatments. 


Short Answers 
Write your answers on the lines provided. 


1. List the muscles of the elbow region through 
which the radial nerve can travel. 


2. Give examples of agonists, antagonists, syner- 
gists, and stabilizers of the elbow joint and 
radioulnar joint. 


3. What nerve can be entrapped by the pronator teres? 


4. What muscles are involved in the double-crush 


syndrome? 


„ How does a practitioner determine an appropri- 


ate sequence for a massage session that includes 
problems of the elbow region? 


„ What is the significance of the biceps brachii 


inserting on the radius? 


. What forearm technique can the therapist use 


that will not be painful but will mobilize the soft 
tissue and deeply move the radius and ulna? 


„ An undiagnosed client presenting with burning, 


radiating pain down the upper extremity to the 
hand in a particular pattern should be: 


. What concerns are involved when a client 


diagnosed with carpal tunnel syndrome makes 
an appointment for a massage? 
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10. Why is it important to work on the brachioradia- 
lis substantially in the forearm? 


Multiple Choice 


Circle the correct answers. 
1. Median nerve disorders include: 
a. double-crush syndrome 
b. pronator teres syndrome 
c. carpal tunnel syndrome 
d. all of the above 
2. Shoulder girdle muscles: 
a. contribute to compensatory discomforts 
b. have nothing to do with the elbow region 
c. attach to the humerus 
d. none of the above 
3. A subacute flare-up is: 
a. something the practitioner will never have to 
deal with 
b. a response to a chronic injury that has not 
been allowed to rest 
c. an issue following acute 
d none of the above 


4. A therapist's purpose is to: 


a. reduce hypertonicities and lengthen fibers 


b. separate tissues and reduce soreness and pain 
levels 


c. increase flexibility and increase restricted 
movements 


d. all of the above 


5. A physician may not cast a fracture to the head 
of the radius because: 


a. the head of the radius is part of the elbow joint 


1. Palpate bony landmarks of the humerus, ulna, 
and radius on a partner. 


2. Locate the origin and insertions of the elbow 
joint and radioulnar joint muscles on a partner. 


10. 
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b. the radius must continue to move, and immo- 
bilizing it might ultimately affect the joint's 
complete range of motion 

c. it is not important 

d. none of the above 


. Bursitis often accompanies: 


a. fractures 

b. sore muscles 

c. golfer's elbow 

d. none of the above 


. Another name for golfer's elbow is: 


a. lateral epicondylitis 
b. medial epicondylitis 
c. bursitis 

d. tendonosis 


. Hypertonicity is: 


a. a tendonitis 
b. bursitis 


c. a condition of soft tissue that is in a state of 
fatigue with too much congestion in the muscle 


d. none of the above 


. Techniques used initially with no lubrication to 


the arm might include: 

a. effleurage, deep transverse friction, and 
tapotement 

b. rolling, elliptical movement, and jostling 

c. digital circular friction, deep transverse friction, 
and stripping 

d. friction, effleurage, and nerve strokes 

When the client has a clinical soft-tissue problem in 

one extremity and not the other, it is important to: 

a. work on the uninvolved side first 

b. work on the sofi-tissue problem first 

c. do deep transverse friction and stripping on 
the soft-tissue problem first 

d. not work on either extremity 


. Demonstrate how to passively shorten the 


biceps, triceps, and brachioradialis. 


. Demonstrate passive range of motion of the 


elbow joint with a partner. 
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5. Demonstrate active range of motion of the elbow 
joint with a partner. 


6. Demonstrate passive range of motion of the 
radioulnar joint with a partner. 


7. Demonstrate active range of motion of the radio- 
ulnar joint with a partner. 


8. Demonstrate some principles of safe body me- 
chanics while performing massage techniques. 


9. Demonstrate warm-up techniques without 
lubrication. 


10. Practice deep-tissue techniques individually and 
in a sequence on a willing participant. 


The Wrist and Hand Joints 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


10-1 


10-2 


10-3 


10-4 
10-5 


10-6 


Define key terms. 


Locate on a human skeleton selected bony 
structures of the arm, forearm, wrist, hand, 
and fingers. 


Label selected bony landmarks of the wrist 
and hand on a skeletal chart. 


Name the bones of the hand. 


Draw and identify the muscles involved in 
the hand and wrist on a skeletal chart. 


Palpate the bony structures and the muscles 
of the forearm, hand, and wrist on a partner. 


10-8 


10-9 


10-10 


10-11 


10-12 


Demonstrate with a partner all the active 
and passive movements of the hand and 
wrist joints. 


Organize and list the muscles that produce 
the primary movements of the wrist, hand, 
and fingers. 


List the antagonists and synergists of the 
muscles of the wrist and hand. 


Determine the names of the muscles and 
nerve that travel through the carpal tunnel. 


Practice flexibility and strengthening 


10-7 


Explore the origins and insertions of the 


muscles of the forearm, hand, and wrist on a 


partner. 


KEY 
TERMS 


Abductor pollicis 
longus 


Capitate 
Carpals 


Carpometacarpal 
(CMC) 

Distal interphalangeal 
(DIP) 


Extensor carpi radialis 
brevis 


Extensor carpi radialis 
longus 


Extensor carpi 
ulnaris 


Extensor digiti minimi 
Extensor digitorum 
Extensor indicis 


Extensor pollicis 
brevis 


exercises for each muscle group. 


Extensor pollicis 
longus 


Flexor carpi radialis 
Flexor carpi ulnaris 


Flexor digitorum 
profundus 


Flexor digitorum 
superficialis 


Flexor pollicis longus 


Hamate Scaphoid 
Lunate Trapezium 
Metacarpophalangeal  Trapezoid 
(MCP) Triguetrum 


Palmaris longus 
Pisiform 


Proximal 
interphalangeal (PIP) 


Saddle-type joint 


Ulnar nerves 
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Introduction 


Repetitive hand and wrist actions occur daily. In- 
deed, writing, pointing, drawing, typing, and numer- 
ous other everyday activities would be impossible 
to perform without the normal functioning of the 
hand and wrist joints and muscles; moreover, over- 
use of these multifaceted tools often leads to ten- 
derness, strains, sprains, tendonitis, and other 
soft-tissue conditions. 

The numerous muscles, bones, and ligamenis in 
the hand and wrist illustrate the complex function- 
al anatomy in this relatively small package; how- 
ever, grouping the muscles into the major action 
categories can help simplify the learning process. 
Muscles work in groups and in paired opposition, 
and this is especially true in the hand and wrist. 
Primary hand and wrist actions include flexion, 
extension, abduction, and adduction, and they em- 
ploy the use of several muscles. Anatomically and 
structurally, the hand and wrist have highly devel- 
oped, complex mechanisms capable of a variety 
of movements thanks to the arrangement of the 


29 bones; more than 25 joints; and more than 30 
muscles, of which 18 are intrinsic (both origin and 
insertion found în the hand) muscles. 

This chapter reviews the bones, joints, and 
movements involved in gross motor activities; dis- 
cusses the nerves involved; and provides founda- 
tional information on the forearm muscles and the 
primary extrinsic muscles of the hand, wrist, and 
fingers. Each prime mover is discussed in detail to 
show how the muscles work together and in paired 
opposition. For ease of comprehension, the flexors 
are presented first as a group, superficial to deep, 
followed by the extensors, arranged in the same 
pattern. Clinical Notes boxes offer snapshots of 
conditions and problems associated with many of 
these muscles. The chapter also provides specific 
exercises to help stretch and strengthen the hand, 
wrist, and fingers, and it addresses why the small 
muscles of the hand and wrist should be included 
in a prescribed exercise program for forearm inju- 
ries. The end of the chapter reviews the intrinsic 
muscles to a limited degree. References in Appen- 
dix A provide additional resources. 


Bones 


The wrist and hand contain 29 bones, including the 
radius and ulna (figure 10.1). Eight carpal bones in 
two rows of four bones form the wrist. The proximal 
row consists of, from the radial (thumb) side to the 
ulnar (little-finger) side, the scaphoid (boat-shaped), 
or navicular as it is commonly known; the lunate 
(moon-shaped); the triquetrum (three-cornered); and 
the pisiform (pea-shaped) bones. The distal row, from 
the radial side to the ulnar side, consists of the trape- 
zium (greater multangular), the trapezoid (lesser mul- 
tangular), the capitate (head-shaped), and the hamate 
(hooked) bones. The trapezium, the trapezoid, the 
capitate, and the hamate form a three-sided arch that 
is either oval or square on the palmar side. This bony 
arch, from the hook of the hamate to the tubercle of 
the trapezium, is spanned by the transverse carpal 
(flexor retinaculum) and volar carpal ligaments to 
create the carpal tunnel, which is frequently a source 
of problems and conditions known as carpal tunnel 
syndrome (See figure 10.1). One of the many condi- 
tions that can contribute to carpal tunnel syndrome 
is a depressed capitate. The capitate sits on the roof of 
the carpal tunnel and can shrink the size of the tunnel 
if it is in a depressed position, thereby contributing to 
compression of the median nerve. 

Of these carpal bones, the scaphoid is by far the 
one most commonly fractured, usually due to severe 


wrist hyperextension from falling on the outstretched 
hand. Unfortunately, this particular fracture is often 
dismissed as a sprain after the initial injury; however, 
it can cause significant problems in the long term 
if not properly treated. While treatment often re- 
quires precise immobilization for periods longer than 
needed with many other fractures, beginning range- 
of-motion exercises for the fingers and wrist can help 
prevent prolonged stiffness. 

Five metacarpal bones, numbered 1 to 5 from the 
radial side to the ulnar side, join the wrist bones. 
There are 14 phalanxes (digits), 3 for each phalange 
except the thumb, which has only 2. The phalanxes 
are indicated as proximal, middle, and distal from the 
metacarpals. Additionally, the thumb has a sesamoid 
bone within its flexor tendon, and other sesamoids 
may be present in the fingers. 

The medial epicondyle, medial condyloid ridge, 
and coronoid process serve as a point of origin for 
many of the wrist and finger flexors, whereas the 
lateral epicondyle and lateral supracondylar ridge 
serve as the point of origin for many extensors of the 
wrist and fingers. (Refer to figure 8.1 on page 156.) 
Distally, the key bony landmarks for the muscles in- 
volved in wrist motion are the base of the 2nd, 3rd, 
and 5th metacarpals and the pisiform and hamate. 
The finger muscles, which also are involved in wrist 
motion, insert on the base of the proximal, middle, 
and distal phalanxes. The base of the 1st metacarpal 


0. Distal phalanx | 
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Key to carpal bones 


E] Distal row 


Middle phalanx Il 
isi Proximal row 


Proximal phalanx Il 


Distal 
phalanx | 


Phalanges — 
Proximal 
phalanx | 
Metacarpal First 
bones metacarpal 
sau of hamate Trapezoid | 
aniale Trapezium 
Carpal Pisiform ani - Carpal 
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bones Triquetrum ş bones 
Scaphoid 
Lunate _ 
FIGURE 10.1 Bones ofthe wrist and hand 


and the proximal and distal phalanxes of the thumb 
serve as key insertion points for the muscles involved 
in thumb motion. 


Joints 


The wrist joint is classified as a condyloid-type joint, 
which enables movement in two planes, allowing flex- 
ion, extension, abduction (radial flexion or deviation), 
and adduction (ulnar flexion or deviation). (See fig- 
ure 10.2.) Wrist motion occurs primarily between the 
distal radius and the proximal carpal row, consisting 
of the scaphoid, lunate, and triquetrum. The joint al- 
lows 70 to 90 degrees of flexion and 65 to 85 degrees 
of extension. The wrist can abduct 15 to 25 degrees 
and adduct 25 to 40 degrees. (See figure 10.3.) 

Each finger has three joints. The metacarpopha- 
langeal (MCP) joint is classified as condyloid and is 
commonly called knuckle. In this joint, O to 40 de- 
grees of extension and 85 to 100 degrees of flexion 
are possible. The next joint of the phalange is called 
the proximal interphalangeal (PIP) joint, classified as 
ginelvymus, and it can move from full extension to ap- 
proximately 90 to 120 degrees of flexion. At the end of 
the finger is the distal interphalangeal (DIP) joint, also 
classified as ginglymus; it can flex 80 to 90 degrees 
from full extension. (See figure 10.5.) 

The  interphalangeal and  metacarpophalangeal 
joints of the thumb are classified as ginglymus. The 


metacarpophalangeal joint moves from full extension 
into 40 to 90 degrees of flexion. The interphalangeal 
(IP) joint can flex 80 to 90 degrees. The carpometacar- 
pal (CMC) joint of the thumb is a unique saddle-type 
joint, which has 50 to 70 degrees of abduction. It can 
flex approximately 15 to 45 degrees and extend 0 to 
20 degrees (figure 10.6). The ability of the thumb to 
touch each finger is called opposition; this movement 
is unique to humans. 

Ligaments, too numerous to mention in this dis- 
cussion, support and provide static stability to the 
many joints of the wrist and hand. Some of the finger 
ligaments are detailed in figure 10.4. Ligaments are 
often injured in stubbing the fingers in basketball and 
other sports, as well as in slip-and-fall injuries. 


Movements of the Wrist and Hand 


The common actions of the wrist are flexion, exten- 
sion, abduction (radial flexion or deviation), and ad- 
duction (ulnar flexion or deviation). The fingers can 
only flex and extend, except at the metacarpophalan- 
geal joints, where abduction and adduction are con- 
trolled by the intrinsic hand muscles. (See figure 10.7.) 
In the hand, the middle phalange is regarded as the 
reference point by which to differentiate abduction 
and adduction. Abduction of the index and middle 
fingers occurs when they move laterally toward the 
radial side of the forearm. Abduction of the ring and 
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little fingers occurs when they move medially toward 
the ulnar side of the hand. Movement medially of the 
index and middle fingers toward the ulnar side of the 
forearm is adduction. Ring and little-finger adduction 
occurs when these fingers move laterally toward the 
radial side of the hand. The thumb is abducted when it 
moves away from the palm, and it is adducted when 
it moves toward the palmar aspect of the second meta- 
carpal. These movements, together with pronation 


Distal 
interphalangeal 
joint 


Carpals 


Articular 


disk 


Radioulnar 
joint 


a 


PA, Carpometacarpal 
joint of thumb 
Radiocarpal 


Radius joint 


and supination of the forearm, make possible the 
many fine, coordinated movements of the forearm, 
wrist, and hand. 


& FLEXIBILITY & SIRENGTH 


Movements of the Wrist 


Flexion (palmar flexion) 
Movement of the palm of the hand and/or the phalanges toward 
the anterior or volar aspect of the forearm. 


Extension (dorsiflexion) 
Movement of the back of the hand and/or the phalanges toward 
the posterior or dorsal aspect of the forearm; sometimes 
referred to as hyperextension. 


Abduction (radial deviation, radial flexion) 
Movement of the thumb side of the hand toward the lateral as- 
pect or radial side of the forearm; also movement of the fingers 
away from the middle finger. 


Distal phalanx Collateral 


Joint capsule ligament 


Palmar ligament 


Middle phalanx 
Collateral 
Joint capsule ligament 

Palmar ligament 


Proximal phalanx 


Collateral 


Joint capsule ligament 


Palmar ligament 


Third metacarpal 
bone 
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FIGURE 10.4 Finger joints and ligaments 
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FIGURE 10.5 Range of motion of the fingers 


Adduction (ulnar deviation, ulnar flexion) 
Movement of the little-finger side of the hand toward the medial 
aspect or ulnar side of the forearm; also movement of the 
fingers back together toward the middle finger. 

Opposition 
Movement of the thumb across the palmar aspect to oppose 
any or all of the phalanges. 

Reposition 
Movement of the thumb as it returns to the anatomical position 
from opposition with the hand and/or fingers. 
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Muscles 


The extrinsic muscles of the wrist and hand can be 
grouped according to function and location, as listed 
in table 10.1. There are six muscles that move the wrist 
but that do not cross the hand to move the fingers 
and thumb. The three wrist flexors in this group are 
the flexor carpi radialis, flexor carpi ulnaris, and pal- 
maris longus—all of which have their origin on the 
medial epicondyle of the humerus (figure 10.8). The 
wrist extensors have their origin on the lateral epi- 
condyle and include the extensor carpi radialis longus, 
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TABLE 10.1 


The Extrinsic Muscles of the Wrist and Hand 


Name of Muscle 


Origins 


Insertion 


Actions 


Innervations 


Palmaris longus 


Flexor carpi radialis 


Flexor carpi ulnaris 


Flexor digitorum 
superficialis 


Flexor digitorum 
profundus 


Flexor pollicis 
longus 


Extensor carpi 
ulnaris 


Extensor carpi 
radialis brevis 


Extensor carpi 
radialis longus 


Extensor digitorum 


Medial epicondyle of 
humerus 


Medial epicondyle of 
humerus 


Medial epicondyle of 
humerus via common 
tendon, posterior as- 
pect of proximal ulna 


Medial epicondyle of 
humerus via common 
tendon 

Ulna: medial coronoid 
process of ulna 
Radial: oblique line of 
radius 


Proximal three-fourths 
of anterior and medial 
ulna 


Middle anterior 
radius, anterior medial 
border of the ulna just 
distal to the coronoid 
process, interosseous 
membrane 


Lateral epicondyle of 
humerus (common ex- 
tensor tendon), middle 
two-fourths of posterior 
border of ulna 


Lateral epicondyle of 
humerus (common 
extensor tendon) 


Lower third of lateral 
supracondylar ridge 
of humerus and 
lateral epicondyle 

of humerus 


Lateral epicondyle of 
humerus 


Palmaris aponeurosis 
of 2nd, 3rd, 4th, and 
5th metacarpals 


Base of 2nd and 3rd 
metacarpals, palmar 
surface 


Base of 5th metacar- 
pal, pisiform (hamate) 


Sides of shafts of 
middle phalanges of 
four fingers 


Base of distal 
phalanges of four 
fingers 


Distal phalanx of 
thumb 


Base of 5th metacarpal 


Base of 3rd 
metacarpal (dorsal) 


Base of 2nd 
metacarpal (dorsal) 


Base of middle pha- 
langes of four fingers, 
extensor expansion 
of four fingers, dorsal 
surface 


Assists in flexion of wrist, 
weak flexion of elbow joint 


Flexion of hand, abduc- 
tion of hand at wrist, weak 
flexion of elbow 


Flexion and adduction of 
wrist, weak flexion of elbow 


Flexion of four fingers at 
PIP joint and MP joint, 
flexion of hand and wrist, 
weak flexion of elbow 


Flexion of four fingers at 
distal interphalangeal joinis, 
PIP joints, and MP joints, 
flexion of wrist 


Flexion of thumb 
carpometacarpal, 
metacarpophalangeal, 
and interphalangeal 
joints, assists flexion and 
abduction of wrist 


Extension of wrist, 
adduction of wrist, weak 
extension of forearm 


Extension of wrist, 
abduction of wrist, weak 
flexion of elbow 


Extension and abduction 

of wrist, weak flexion of 
elbow, weak pronation from 
supination 


Extension of MP joints of 
four fingers (phalanges of 
fingers), extension of wrist, 
extension of elbow 


Median nerve (C6, C7) 


Median nerve (C6, C7) 


Ulnar nerve (C8, 11) 


Median nerve (C7, Cs, 11) 


Median nerve (C8, T1) to the 
2nd and 3rd fingers 


Ulnar nerve (C8, 11) to the 
4th and 5th fingers 


Median nerve, palmar 
interosseous branch (C8, T1) 


Radial nerve (C6-C8) 


Radial nerve (C6, C7) 


Radial nerve (C6, C7) 


Radial nerve (C6-C8) 
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TABLE 10.1  (Continued) 
Name of Muscle Origins Insertion Actions Innervations 
Extensor indicis Middle to distal third Head of 2nd Extension of index finger at  Radial nerve (C6-C8) 


Extensor digiti 
minimi 


Extensor pollicis 
longus (“anatomical 
snuffbox”) 


Extensor pollicis 
brevis 


Abductor pollicis 
longus 


of posterior ulna, 
interosseous 
membrane 


Lateral epicondyle of 
humerus 


Posterior middle to 
lower ulna and in- 
terosseous membrane 


Posterior surface of 
lower middle radius 


Posterior aspect of 
radius and midshaft 
of ulna 


metacarpal and joins 
the extensor expan- 
sion at proximal 
phalanx 


Joins extensor 
expansion on proxi- 
mal phalanx of 5th 
phalange (dorsal) 
Base of distal phalanx 
of ihumb (dorsal) 


Base of proximal 
phalanx of thumb 
(dorsal) 


Base of 1st metacarpal 
(dorsal) 


metacarpophalangeal joint, 
weak wrist extension, weak 
supination for forearm 
from pronation 


Extension of little finger at 
metacarpophalangeal joint, 
weak wrist extension, weak 
elbow extension 


Extension of thumb at IP, 
MP, and CMP joints, exten- 
sion of wrist, abduction of 
wrist, weak supination for 
the forearm 


Extension of thumb at 
CMP and MP joints, weak 
wrist extension, wrist 
abduction 


Abduction and 

extension of thumb at CMP, 
abduction of wrist, weak 
supination of forearm, weak 
flexion of wrist 


Radial nerve (C6-C8) 


Radial nerve (C6-C8) 


Radial nerve (C6, C7) 


Radial nerve (C6, C7) 


(a) 


Neutral 0* 
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FIGURE 10.6 Range of motion of the thumb 
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FIGURE 10.7  Wrist and hand movements 
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FIGURE 10.8  Flexor muscles of the wrist and hand, anterior view 


extensor carpi radialis brevis, and extensor carpi ulnaris 
(figure 10.9). 

There are another nine muscles that function 
primarily to move the phalanges. They also are in- 
volved in wrist joint actions because they originate 
on the forearm and cross the wrist. These muscles 
generally are weaker in their actions on the wrist. 
The flexor digitorum superficialis and the flexor 
digitorum profundus are finger flexors; however, 
they also assist in wrist flexion along with the flexor 
pollicis longus, which is a thumb flexor. The exten- 
sor digitorum, the extensor indicis, and the exten- 
sor digiti minimi are finger extensors, but they also 
assist in wrist extension, along with the extensor 
pollicis longus and the extensor pollicis brevis, 
which extends the thumb. The abductor polli- 
cis longus abducts the thumb and assists in wrist 
abduction. 

All the wrist flexors generally have their origins on 
the anteromedial aspect of the proximal forearm and 
medial epicondyle of the humerus, whereas their in- 
sertions are on the anterior aspect of the wrist and 
hand. All the flexor tendons, except for the flexor 
carpi ulnaris and palmaris longus, pass through the 
carpal tunnel, along with the median nerve. Condi- 
tions leading to swelling and inflammation in this 


area can result in increased pressure in the carpal 
tunnel. This can interfere with the normal function 
of the median nerve, leading to reduced motor and 
sensory function of its distribution (figure 10.10), 
which is known as carpal tunnel syndrome. This 
condition is commonly caused by activities that re- 
quire the repetitive use of the hand and wrist and is 
frequently found in those who play musical instru- 
ments, perform manual labor, and perform clerical 
work such as typing. Modifications in work habits, 
including ergonomics and hand and wrist positions 
during activities, are useful preventive measures. Ad- 
ditionally, flexibility exercises for the wrist, finger 
flexors, and neck may be helpful. See Chapter 13 for 
more information on the importance of flexibility for 
the neck and brachial plexus. 

The wrist extensors generally have their origins 
on the posterolateral aspect of the proximal fore- 
arm and the lateral humeral epicondyle, whereas 
their insertions are located on the posterior aspect 
of the wrist and hand. The flexor and extensor ten- 
dons at the distal forearm immediately proximal 
to the wrist are held in place on the palmar and 
dorsal aspects by transverse bands of tissue. These 
bands, respectively known as the flexor and exten- 
sor retinaculum (antebrachial fascia), prevent these 
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(a) Superficial extensors 


FIGURE 10.9  Extensor muscles of the wrist and hand, posterior view 


tendons from bowstringing during flexion and ex- 
tension. 

The wrist abductors are the flexor carpi radialis, 
extensor carpi radialis longus, extensor carpi radia- 
lis brevis, abductor pollicis longus, extensor pollicis 
longus, and extensor pollicis brevis. These muscles 
generally cross the wrist joint anterolaterally and pos- 
terolaterally to insert on the radial side of the hand. 
The flexor carpi ulnaris and extensor carpi ulnaris ad- 
duct the wrist and cross the wrist joint anteromedi- 
ally and posteromedially to insert on the ulnar side of 
the hand. All of these muscles should be considered 
in treatment for epicondyle conditions, since some of 
their origins are on the lateral and medial aspect of 
the forearm, as well as on the epicondyles. 

The intrinsic muscles of the hand, listed in table 10.2, 
have their origins and insertions on the bones of the 
hand. Organizing the intrinsic muscles into three 
groups according to location is helpful in understand- 
ing and learning these muscles. On the radial side, 
there are four muscles of the thumb-—the opponens 
pollicis, the abductor pollicis brevis, the flexor pollicis 
brevis, and the adductor pollicis. On the ulnar side, 
there are three muscles of the little finger—the op- 
ponens digiti minimi, the abductor digiti minimi, and 


Brachioradialis 


Extensor carpi 
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(b) Deep extensors 


the flexor digiti minimi brevis. In the remainder of 
the hand, there are 11 muscles, which can be further 
grouped as the 4 lumbricals, the 3 palmar interossei, 
and the 4 dorsal interossei. 


Wrist and Hand Muscles— 
Location 


Anteromedial is at the elbow and forearm and anterior at 
the hand. (See figure 10.8.) 


Primarily wrist flexion 
Flexor carpi radialis 
Flexor carpi ulnaris 
Palmaris longus 
Primarily phalangeal flexion, assists in wrist flexion 
Flexor digitorum superficialis 
Flexor digitorum profundus 
Flexor pollicis longus 


Posterolateral is at the elbow and forearm and posterior at 
the hand. (See figure 10.9.) 
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FIGURE 10.10  Carpal tunnel 


Primarily wrist extension 
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Primarily phalangeal extension, assists in wrist extension 
Extensor digitorum 
Extensor indicis 
Extensor digiti minimi 
Extensor pollicis longus 
Extensor pollicis brevis 
Abductor pollicis longus 


chapter 10 The Wrist and Hand Joints 199 


MĂ Flexor digitorum superficialis 


tendon 


Flexor digitorum profundus 
tendon 


Flexor carpi ulnaris tendon 
Ulnar artery 
Ulnar nerve 


Flexor retinaculum covering 
carpal tunnel 
Bursa 


Superficial palmar 
arterial arch 


Palmaris longus tendon 


Ulnar nerve 


Flexor digitorum 
superficialis tendons 


Pisiform 
Carpal tunnel 


Flexor digitorum 
profundus tendons 


Triquetrum 
Hamate 


Extensor digitorum 
tendons 


Nerves 


The muscles of the wrist and hand are all innervated 
from the radial, median, and ulnar nerves of the bra- 
chial plexus, as illustrated in figure 10.11. Also see 
figures 8.9 and 8.10 on pages 160 and 162. The radial 
nerve, originating from C6, C7, and C8, provides in- 
nervation for the extensor carpi radialis brevis and 
extensor carpi radialis longus. It then branches to 
become the posterior interosseous nerve, which sup- 
plies the extensor carpi ulnaris, extensor digitorum, 
extensor digiti minimi, abductor pollicis longus, ex- 
tensor pollicis longus, extensor pollicis brevis, and 
extensor indicis. The median nerve, arising from C6, 
C7, C8, and T1l, innervates the flexor carpi radialis, 
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palmaris longus, and flexor digitorum superficialis. 
It then branches to become the anterior interosseous 
nerve, which innervates the flexor digitorum profun- 
dus for the index and long finger as well as for the 
flexor pollicis longus. Regarding the intrinsic muscles 
of the hand, the median nerve innervates the abduc- 
tor pollicis brevis, flexor pollicis brevis (superficial 
head), opponens pollicis, and the 1st and 2nd lum- 
bricals. The ulnar nerve, branching from C8 and T1, 
supplies the flexor digitorum profundus for the 4th 
and 5th fingers and the flexor carpi ulnaris. Addition- 
ally, it innervates the remaining intrinsic muscles of 
the hand (the deep head of the flexor pollicis brevis, 
adductor pollicis, palmar interossei, dorsal interos- 
sei, 3rd and 4th lumbricals, opponens digiti minimi, 
abductor digiti minimi, and flexor digiti minimi bre- 
vis). Sensation to the ulnar side of the hand, the ulnar 
half of the ring finger, and the entire little finger is 
provided by the ulnar nerve (figure 10.11). 


Posterior cord of 
brachial plexus 


Lateral cord of 


brachial plexus 
Z Medial cord of 


brachial plexus 


Ulnar nerve 


Flexor carpi ulnaris m. 


Flexor digitorum profundus m. 


Deep head of flexor 
pollicis brevis m. 


Hypothenar mm. 
Adductor pollicis m. IE 
Medial lumbricales mm. 


Palmar and dorsal 
interossei mm. 


FIGURE 10.11 


Ulnar nerve 


CLINICAL 
NOTES 


Individual Muscles of the Wrist 
and Hand—Flexors 


PALMARIS LONGUS MUSCLE 


Palpation 


Palpate the palmaris longus on the anteromedial and 
central aspect of the anterior forearm just proximal 
to the wrist, particularly with slight wrist flexion and 
opposition of the thumb to the 5th finger. 


CLINICAL 
NOTES 


Muscle Specifics 


Unlike the flexor carpi radialis and flexor carpi ul- 
naris, which are not only wrist flexors but also abduc- 
tors and adductors, respectively, the palmaris longus 
is involved only in weak wrist flexion from the ana- 
tomical position because of its central location on the 
anterior forearm and wrist. It can, however, assist in 
abducting the wrist from an extremely adducted po- 
sition back to neutral and can assist in adducting the 
wrist from an extremely abducted position back to 


OIAI MUSCLE CHART 
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PALMARIS LONGUS (pal-ma ris long gus) Superficial muscle used for tendon repair 


/, 


/ 
Palmaris 
/A longus m. 
A 


A 


CAD ai 0) 
2 


Medial epicondyle 
of humerus 


_) 


7! 
j 


CAI 


Name of Muscle Origins Insertion 


Palmaris 
aponeurosis 


Palmaris longus Medial epicondyle 


of humerus 


of 2nd, 3rd, 4th, 


and 5th 
metacarpals 


neutral. It may also assist slightly in forearm prona- 
tion because of its slightly lateral insertion in relation 
to its origin on the medial epicondyle. 


Clinical Flexibility 


Maximal elbow and wrist extension stretches the pal- 
maris longus. Try placing one hand under the elbow 
and extending the involved elbow and wrist com- 
pletely, palm up. Take the wrist into extreme hyperex- 
tension while allowing the fingers to remain in relaxed 
flexion. Hold 2 seconds, and completely flex the elbow 
to perform another set. This also helps stretch the bra- 
chialis. Contraindications: This exercise is safe with 
controlled movements. 


Strengthening 


This exercise is excellent for all the flexor muscles af- 
fecting the wrist and forearm. It is helpful for carpal 


Actions Innervations 


Assists in flexion of 
wrist, weak flexion 
of elbow joint 


Median nerve (C6, C7) 


tunnel and elbow epicondylitis, and, because of its 
simplicity, it is easy to teach. Please refer to this ex- 
ercise as noted for other muscles in this chapter. On 
a wrist roller (a 13-inch PVC pipe with a hole drilled 
in the middle and a 5-foot rope attached), attach a 
small weight (1 to 3 pounds to start). Extend the arms 
directly out in front of you. Begin rolling the pipe 
clockwise to wrap the rope around the pipe and bring 
the weight slowly up. Be sure to use full wrist flexion 
and extension. When the weight reaches the pipe, 
drop the arms and rest, and then bring them back 
into the extended position. Now roll the pipe counter- 
clockwise to slowly lower the weight. This down- 
ward movement forces the flexors to eccentrically 
contract, while the upward movement is a concentric 
contraction. Repeat 10 times with 2 to 3 sets. Con- 
traindications: This exercise is safe with controlled 
movements. If it is painful to use the wrists, start 
with no weight first and add more weight slowly. 
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OIAI MUSCLE CHART  FLEXOR CARPI RADIALIS (fleks“or kar pi ra“di-a lis) Wrist flexor on the radial side 


Flexor carpi 
radialis m. 


Medial epicondyle 
of the humerus 


Name of Muscle Insertion 


Origins 


Actions Innervations | 


Flexor carpi radialis Medial epicondyle Base of 2nd and 3rd Flexion of hand, Median nerve (C6, C7) 
of humerus metacarpals, abduction of hand at 
palmar surface wrist, weak flexion 


FLEXOR CARPI RADIALIS MUSCLE 
Palpation 


Palpate the flexor carpi radialis on the anterior surface 
of the wrist, slightly lateral, in line with the 2nd and 
3rd metacarpals with resisted flexion and abduction. 


CLINICAL 
NOTES 


of elbow 


Muscle Specifics 


The flexor carpi radialis and flexor carpi ulnaris are 
the most powerful of the wrist flexors. The palmaris 
longus is much weaker by design and often absent, as 
discussed above. Both are brought into play during 
any activity that requires wrist curling or wrist stabi- 
lization against resistance, particularly if the forearm 
is supinated. 


Clinical Flexibility 


To stretch the flexor carpi radialis, the elbow must 
be fully extended with the forearm supinated. The 
stretch for palmaris longus can be performed for this 
muscle. 


Strengthening 


The wrist roller exercise for palmaris longus can be 
performed for this muscle. 
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OIAI MUSCLE CHART  FLEXOR CARPI ULNARIS (fleks “or Kar pi ul-na ris) Wrist flexor on the ulnar side 


Flexor carpi 
ulnaris m. 


AR 


ţ | Adduction 


Medial epicondyle 


of humerus 


Name of Muscle Origins Insertion 


Actions Innervations 


Base of 5th 
metacarpal, 


Medial epicondyle of 
humerus via common 
tendon, posterior aspect 
of proximal ulna 


Flexor carpi ulnaris 


FLEXOR CARPI ULNARIS MUSCLE 
Palpation 


Palpate the flexor carpi ulnaris on the anteromedial 
surface of the forearm, a few inches below the medial 
epicondyle of the humerus to just proximal to the wrist, 
with resisted flexion and adduction. 


CLINICAL 
NOTES 


pisiform (hamate) 


Flexion and adduction 
of wrist, weak flexion 
of elbow 


Ulnar nerve (C8, T1) 


Muscle Specifics 


The flexor carpi ulnaris is important in wrist flexion 
or curling activities. In addition, it is one of only two 
muscles involved in wrist adduction or ulnar flexion. 
As stated above, this muscle can be strained at the 
wrist by repetitive wrist actions. Include the flexor 
carpi ulnaris for a complete treatment of flexors of 
the hand and wrist. 


Clinical Flexibility 


To stretch the flexor carpi ulnaris, the elbow must be 
fully extended with the forearm supinated. See the 
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stretch for palmaris longus. Contraindications: This 
stretch is safe with controlled movemenis. 


Strengthening 


The flexor carpi ulnaris may be strengthened with 
any type of wrist-curling activity against resistance, 
such as the activities described for the palmaris lon- 
gus muscle. Contraindications: Strengthening is safe 
with controlled movements. 


FLEXOR DIGITORUM SUPERFICIALIS 
MUSCLE 


Palpation 


Palpate the flexor digitorum superficialis in the de- 
pressed area between the palmaris longus and flexor 
carpi ulnaris tendons, particularly when making a fist. 


OIAI MUSCLE CHART 
fingers 


Extend the distal interphalangeal with slightly resisted 
wrist flexion, and palpate the flexor digitorum superfi- 
cialis on the anterior midforearm. 


CLINICAL 
NOTES 


FLEXOR DIGITORUM SUPERFICIALIS (fleks “or dij-i-to'rum su 'per-fish-e-al'is) Superficial flexor of the 


Flexor digitorum 
superficialis m. 


fingers 


Flexion of 


[imn of wrist 


Medial epicondyle 
of the humerus 


Name of Muscle Origins Insertion Actions Innervations | 
Flexor digitorum Medial epicondyle of Sides of shafis of Flexion of four Median nerve 
superficialis humerus via common middle phalanges fingers at PIP joint (C7, C8, 11) 

tendon of four fingers and MP joint, flexion 


Ulna: medial coronoid 
process of ulna 
Radial: oblique line of 
radius 


of hand and wrist, 
weak flexion of elbow 


Muscle Specifics 


The flexor digitorum superficialis muscle divides into 
four tendons on the palmar aspect of the wrist and 
hand to insert on each of the four fingers. The flexor 
digitorum superficialis and the flexor digitorum pro- 
fundus are the only muscles involved in flexion of all 
four fingers. Both of these muscles are vital in any 
type of gripping activity. 


Clinical Flexibility 


The flexor digitorum superficialis is stretched by 
passively extending the elbow, wrist, metacarpopha- 
langeal, and proximal interphalangeal joints while 
maintaining the forearm in full supination. The stretch 
for the palmaris can be applied here. Contraindica- 
tions: Stretching is safe with controlled movements. 


Strengthening 


Since the flexor digitorum helps produce digit flexion, 
it is important to strengthen the gripping motion of 
the four fingers; this can be done by squeezing a small 
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therapy ball. Hold the ball between the Ist finger and 
the thumb with the elbow extended. Squeeze the ball 
as able and slowly release. Do this for all four fingers, 
especially the 4th finger. Using resistance on the 4th 
finger will challenge the flexor digitorum at the epicon- 
dyle, and if inflammation is present (golfer's elbow), 
the client usually feels discomfort as the thumb and 
pinky finger squeeze the ball. This is a good exercise 
to include in any prescribed exercise program for car- 
pal tunnel and epicondylitis. It helps to use a ball that 
has spring to it for eccentric contraction; putties and 
other soft tools do not work as well. Contraindications: 
This exercise is safe with controlled movements. 


FLEXOR DIGITORUM PROFUNDUS 
MUSCLE 


Palpation 


The flexor digitorum profundus is difficult to distinguish 
deep to the flexor digitorum superficialis, but it can be 
palpated on the anterior midforearm while flexing the 
distal interphalangeal joints and keeping the proximal 


OIAI MUSCLE CHART  FLEXOR DIGITORUM PROFUNDUS (fleks or dij-i-to'rum pro-fun dus) Deep flexor of the fingers 


ema of 


fingers 


Flexor digitorum 
profundus m. 


Name of Muscle Origins 


Proximal three-fourths 
of anterior and medial 
ulna 


Flexor digitorum 
profundus 


Insertion 


Base of distal phalanges 
of four fingers 


Actions Innervations 


Flexion of four fingers 

at distal interphalangeal 
joints, PIP joints, and MP 
joints, flexion of wrist 


Median nerve (C8, 11) 
to 2nd and 3rd fingers 


Ulnar nerve (C8, T1) to 
4th and 5th fingers 
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interphalangeal joints in extension and felt over the pal- 
mar surface of the 2nd, 3rd, 4th, and 5th metacarpopha- 
langeal joints during finger flexion against resistance. 


CLINICAL 
NOTES 


Muscle Specifics 


Both the flexor digitorum profundus muscle and 
the flexor digitorum superficialis muscle assist in 


wrist flexion because of their palmar relationship to 
the wrist. The flexor digitorum profundus is used in 
any type of gripping, squeezing, or hand-clenching 
activity, such as gripping a racket or climbing a 
rope. 


Clinical Flexibility 


The flexor digitorum profundus is stretched simi- 
larly to the flexor digitorum superficialis, except that 
the distal interphalangeal joints must be passively 
extended in addition to the elbow, wrist, metacarpo- 
phalangeal, and proximal interphalangeal joints while 
maintaining the forearm in full supination. The pal- 
maris stretch is effective for this muscle. 


Strengthening 


The flexor digitorum profundus muscle is strength- 
ened using the exercises described for the flexor digi- 
torum superficialis muscle. 


OIAI MUSCLE CHART  FLEXOR POLLICIS LONGUS (fleks or pol 'i-sis long'gus) Long flexor of the thumb 


Flexion 


Flexor pollicis longus m. 


Name of Muscle Origins Insertion 


Flexor pollicis longus Middle anterior radius, 
anterior medial border 
of the ulna just distal to 
the coronoid process, 


interosseous membrane 


Distal phalanx of thumb 


Actions 


Innervations | 


Median nerve, palmar 
interosseous branch 
(08, T1) 


Flexion of thumb 
carpometacarpal, 
metacarpophalangeal, 
and interphalangeal 
joints, assists flexion 
and abduction of wrist 


FLEXOR POLLICIS LONGUS MUSCLE 
Palpation 


Palpate the flexor pollicis longus on the anterior surface 
of the thumb on the proximal phalanx, and just lateral 
to the palmaris longus and medial to the flexor carpi 
radialis on the anterior distal forearm, especially dur- 
ing active flexion of the thumb interphalangeal joint. 


CLINICAL 
NOTES 


Muscle Specifics 


The primary function of the flexor pollicis longus 
muscle is flexion of the thumb, which is vital in grip- 
ping and grasping activities of the hand. Because of 
its palmar relationship to the wrist, it provides some 
assistance in wrist flexion. Although the muscle at- 
taches to the middle anterior surface of the radius 
and the anterior medial border of the ulna just distal 
to the coronoid process, occasionally a small “slip,” 
or head, is present attaching on the medial epicon- 
dyle of the humerus. 


Clinical Flexibility 


The flexor pollicis longus is stretched by actively 
extending the entire thumb while simultaneously 
maintaining maximal wrist extension. To achieve 
this, extend the elbow and wrist palms up. Grasp 
the thumb with the other hand and actively move 
it into hyperextension. Apply a gentle 2-second 
stretch at the end movement. Contraindications: 
This stretch is safe with controlled movements. 
Tenderness might exist if de Quervain's tenosyno- 
vitis is present. 


Strengthening 


The flexor pollicis longus may be strengthened by 
using the ball again. Place the ball in the palm, to- 
ward and just below the pinky finger. Flex the thumb 
into the ball, pressing ii down. Slowly release and 
repeat. Contraindications: Strengthening is safe with 
controlled movements. Tenderness might exist if de 
Quervain's tenosynovitis is present. 
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Individual Muscles of the Wrist 
and Hand—Extensors 


EXTENSOR CARPI ULNARIS MUSCLE 


Palpation 


Palpate the extensor carpi ulnaris just lateral to the 
ulnar styloid process and crossing the posteromedial 
wrist, particularly with wrist extension and adduction. 


CLINICAL 
NOTES 


Muscle Specifics 


The extensor carpi ulnaris, the extensor carpi radia- 
lis brevis, and the extensor carpi radialis longus are 
the most powerful of the wrist extensors. Any activ- 
ity requiring wrist extension or stabilization of the 
wrist against resistance, particularly if the forearm 
is pronated, depends greaily on the strength of these 
muscles. They often are brought into play with the 
backhand in racquet sporis and thus need to be in- 
cluded in treatment for lateral epicondyle sofi-tissue 
conditions. 


Clinical Flexibility 


Stretching the extensor carpi ulnaris requires that the 
elbow be extended with the forearm pronated while 
the wrist is passively flexed and slightly abducted. A 
good stretch for this muscle is one used in the mar- 
tial art aikido. Extend the elbow, palm down. Actively 
radial flex the open hand; with the other hand, grip it 
from underneath. Apply a gentle, rotary-type stretch 
for 2 seconds, and repeat. Contraindications: This 
stretch is safe with controlled movements. Tenderness 
at the wrist might exist if inflammation is present. 


Strengthening 


The extensor carpi ulnaris may be developed by 
performing the roller exercise used for the flexors. 
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OIAI MUSCLE CHART  EXTENSOR CARPI ULNARIS (eks-ten 'sor Kar pi ul-na ris) Wrist extensor on the ulnar side 


Lateral 
epicondyle 
of humerus 


Extensor 
carpi 
ulnaris m. 


Name of Muscle Origins Insertion 


Extensor carpi 
ulnaris 


Lateral epicondyle of 
humerus (common ex- 
tensor tendon), middle 
two-fourths of the pos- 
terior border of ulna 


This time, roll the weight counterclockwise to chal- 
lenge this muscle. Remember to keep the arms 
extended in front, and rest between seis. Contrain- 
dications: Strengthening is safe with controlled 
movement. 


EXTENSOR CARPI RADIALIS 
BREVIS MUSCLE 


Palpation 


Palpate the extensor carpi radialis brevis on the dor- 
sal side of the forearm; it is difficult to distinguish 
between the extensor carpi radialis longus and the 
extensor digitorum. Just proximal to the dorsal aspect 
of the wrist and approximately 1 centimeter medial to 
the radial styloid process, the tendon may be felt dur- 
ing extension and traced to the base of the 3rd meta- 
carpal, particularly when making a fist. It is located 
proximally and posteriorly, just medial to the bulk of 
the brachioradialis. 


Base of Bth metacarpal 


Actions 


Innervations | 


Radial nerve (C6-C8) 


Extension of wrist, ad- 
duction of wrist, weak 
extension of forearm 


CLINICAL 
NOTES 


Muscle Specifics 


The extensor carpi radialis brevis is important in any 
sports activity that requires powerful wrist extension, 
such as golf or tennis. 


Clinical Flexibility 


Stretching the extensor carpi radialis brevis and lon- 
gus requires that the elbow be extended with the fore- 
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OIAI MUSCLE CHART  EXTENSOR CARPI RADIALIS BREVIS (eks-ten 'sor kar pi ra 'di-a lis bre vis) Short wrist extensor on radial 


side 


Lateral 


Extension 


epicondyle 
of humerus 


Extensor carpi 
radialis brevis m. 


a 
î 
U 


Name of Muscle 


Innervations 


ai 


Extensor carpi 
radialis brevis 


Lateral epicondyle of 
humerus (common 
extensor tendon) 


(dorsal) 


arm pronated while the wrist is passively flexed and 
slightly adducted. Place one hand under the elbow, and 
fully extend the involved elbow. Ulnar flex the hand at 
the end movement for a genile 2-second stretch. This 
also stretches the brachialis. Contraindications: This 
stretch is safe with controlled movement. 


Strengthening 


Wrist extension exercises, such as those described 
for the extensor carpi ulnaris, are appropriate for 
muscle development. The extensor carpi radialis 
brevis can also be strengthened using a dumbbell 
sleeve. Stand with the arm holding the sleeve at the 
side, and use the other hand to secure ii at the wrist 
against the hip. Radially flex the sleeve, and slowly 
lower it to the start position. This is a good exercise 
for epicondylitis dysfunctions. Take care not to flex 
or extend the wrist as you perform this exercise. Con- 
traindications: This exercise is safe with controlled 
movements. 


Base of 3rd metacarpal 


Extension of wrist, 
abduction of wrist, 
weak flexion of elbow 


Radial nerve (C6-C7) 


EXTENSOR CARPI RADIALIS 
LONGUS MUSCLE 


Palpation 


Palpate the extensor carpi radialis longus just prox- 
imal to the dorsal aspect of the wrist and approxi- 
mately 1 centimeter medial to the radial styloid 
process; the tendon may be felt during extension and 
traced to the base of the 2nd metacarpal, particularly 
when the hand is closed into a fist. The extensor carpi 
radialis longus is located proximally and posteriorly, 
just medial to the bulk of the brachioradialis. 


CLINICAL 
NOTES 
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OIAI MUSCLE CHART  EXTENSOR CARPI RADIALIS LONGUS (eks-ten 'sor kar pi ra di-a lis long gus) Long wrist extensor on radial 


side 


Extensor carpi 


CI > 
e) Ps | Ce Cart 
, at ( 


radialis longus m. 


Abduction 


Name of Muscle Origins Insertion 


Lower third of lateral 
supracondylar ridge 
of humerus and lateral 
epicondyle of humerus 


Extensor carpi 
radialis longus 


Muscle Specifics 


The extensor carpi radialis longus, like the extensor 
carpi radialis brevis, is also important in any sports 
activity that requires powerful wrist extension. In 
addition, both muscles are involved in abduction 
of the wrist. The extensor carpi radialis longus also 
helps in functioning weak pronation to the neutral 
from a fully supinated position. 


Base of 2nd 
metacarpal (dorsal) 


Actions 


Innervations | 


Radial nerve (C6, C7) 


Extension and abduction 
of wrist, weak flexion of 
elbow, weak pronation 
from supination 


Clinical Flexibility 


The extensor carpi radialis longus is stretched in the 
same manner as the extensor carpi radialis brevis. 


Strengthening 


The extensor carpi radialis longus may be developed 
with the wrist extension exercises described for the 
extensor carpi ulnaris muscle. 


EXTENSOR DIGITORUM MUSCLE 


Palpation 


With all four fingers extended, palpate extensor digi- 
torum on the posterior surface of the distal forearm 
immediately medial to the extensor pollicis longus ten- 
don and lateral to the extensor carpi ulnaris and exten- 
sor digiti minimi; extensor digitorum then divides into 
four separate tendons that are over the dorsal aspect of 
the hand and metacarpophalangeal joints. 
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OIAI MUSCLE CHART  EXTENSOR DIGITORUM (eks-ten 'sor dij-i-to'rum) Finger extensor 


Lateral 


Extensor 


Extension 
of wrist 


( 


Extension 
of fingers 


epicondyle 
of humerus 


digitorum m. 


Name of Muscle Origins Insertion 


Lateral epicondyle of 
humerus 


Extensor digitorum 


CLINICAL 
NOTES 


Muscle Specifics 


The extensor digitorum is the only muscle involved in 
extension of all four fingers. This muscle divides into 


Base of middle pha- 
langes of four fingers, 
extensor expansion of 
four fingers, 

dorsal surface 


Actions 


Innervations | 


Radial nerve 
(C6-C8) 


Extension of MP joints 
of four fingers 
(phalanges of fingers), 
extension of wrist, 
weak extension 

of elbow 


four tendons on the dorsum of the wrist that insert on 
each of the fingers. It also assists with wrist extension 
movements. 


Clinical Flexibility 


To stretch the extensor digitorum, the fingers must 
be maximally flexed at the metacarpophalangeal, 
proximal interphalangeal, and distal interphalan- 
geal joints while the wrist is fully flexed. Extend the 
elbow, palm down. Actively flex the fingers and hand 
while keeping the elbow extended. Use the other 
hand to stretch for 2 seconds. Try making a fist with 
the thumb inside, and then perform the same move- 
ment. This targets the carpal bone area and will iso- 
late the extensor tendons as they emerge from the 
wrist. Contraindications: These stretches are safe 
with controlled movements. If carpal tunnel is pres- 
ent, there may be sensitivity at the wrist. Adjust the 
stretch for comfort. 
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Strengthening 


While the wrist roller may be used to strengihen this 
muscle, the fingers should also be addressed. Wrap 
a rubber band around all the fingers and the thumb. 
With the arm extended, “open” the hand and thumb 
by maximally extending. Return to the closed posi- 
tion, and repeat. This is an easy exercise to do in the 
car, and it will help strengthen extension in the hand 
and wrist. It is also a good exercise for epicondylitis 
issues. Contraindications: This exercise is safe with 
controlled movements. Tenderness might exist if de 
Quervain's tenosynovitis is present. 


EXTENSOR INDICIS MUSCLE 
Palpation 


With the forearm pronated, palpate the extensor indi- 
cis on the posterior aspect of the distal forearm and 
dorsal surface of the hand just medial to the extensor 


digitorum tendon of the index finger, with extension 
of the index fingers and flexion of the 3rd, 4th, and 
5th fingers. 


CLINICAL 
NOTES 


OIAI MUSCLE CHART  EXTENSOR INDICIS (eks-ten 'sor in di-sis) Index finger extensor 


Name of Muscle Origins Insertion 
Extensor indicis Middle to distal Head of 2nd 


third of posterior 
ulna, interosseous 
membrane 


metacarpal and joins 
the extensor expansion 
at proximal phalanx 


Actions 


Innervations | 


Radial nerve (C6-C8) 


Extension of index finger 
at the metacarpopha- 
langeal joint, weak wrist 
extension, weak supina- 
tion for forearm from 
pronation 


Muscle Specifics 


The extensor indicis muscle is the pointing muscle. 
That is, it is responsible for extending the index fin- 
ger, particularly when the other fingers are flexed. It 
also provides weak assistance to wrist extension and 
may be developed through exercises similar to those 
described for the extensor digitorum. 


Clinical Flexibility 


The extensor indicis is stretched by passively taking 
the index finger into maximal flexion at its metacarpo- 
phalangeal, proximal interphalangeal, and distal in- 
terphalangeal joints while fully flexing the wrist. The 
exercise for the extensor digitorum can be applied to 
this muscle, yet it also can be stretched separately. 
Flex the elbow, palm toward the navel, and actively 
flex the wrist. Use the other hand to place pressure at 
the dorsal side of the 1st finger, gently stretching as 
the hand and finger are in flexion. Contraindications: 
Stretching is safe with controlled movements. 
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Strengthening 


This muscle can be strengihened by isolating the 1st 
finger. Wrap a rubber band around the thumb and 
1st finger. Slowly extend the 1st finger while securing 
the band with the thumb. Return to the closed posi- 
tion, and repeat. The other fingers can be flexed and 
relaxed during this movement. Contraindications: 
Strengthening is safe with controlled movements. 


EXTENSOR DIGITI MINIMI MUSCLE 


Palpation 


Locate extensor digiti minimi as ii passes over the 
dorsal aspect of the distal radioulnar joint, particu- 
larly with relaxed flexion of the other fingers and al- 
ternating 5th-finger extension and relaxation. Palpate 
the extensor digiti minimi on the dorsal surface of the 
forearm immediately medial to the extensor digito- 
rum and lateral to the extensor carpi ulnaris. 


OIAI MUSCLE CHART  EXTENSOR DIGITI MINIMI (eks-ten 'sor dij i-ti min im-i) Litile-finger extensor 


minimi m. 


( 


Extension 


Extensor digiti 


Lateral epicondyle 
of humerus 


Name of Muscle Origins 


Extensor digiti 
minimi 


Lateral epicondyle 
of humerus 


Insertion 


Joins extensor 
expansion on 
proximal phalanx 
of 5th phalange 
(dorsal) 


Actions Innervations 


Extension of little 
finger at the 
metacarpophalangeal 
joint, weak wrist 
extension, weak 
elbow extension 


Radial nerve (C6-C8) 
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CLINICAL 
NOTES 


Muscle Specifics 


The primary function of the extensor digiti minimi 
muscle is to assist the extensor digitorum in extend- 
ing the little finger. Because of its dorsal relationship 
to the wrist, it also provides weak assistance in wrist 
extension. 


Clinical Flexibility 


The extensor digiti minimi is stretched by passively 
taking the little finger into maximal flexion at its meta- 
carpophalangeal, proximal interphalangeal, and dis- 
tal interphalangeal joints while fully flexing the wrist. 
The stretch for extensor digitorum applies here. 


Strengthening 


The extensor digiti minimi is strengthened with the 
exercises described for the extensor digitorum. The 
4th finger also can be isolated with a rubber band. 


EXTENSOR POLLICIS LONGUS MUSCLE 
Palpation 


Palpate the extensor pollicis longus on the dorsal 
aspect of the hand to its insertion on the base of the 
distal phalanx. Also palpate the muscle on the poste- 
rior surface of the lower forearm between the radius 
and the ulna, just proximal to the extensor indicis and 


OIAI MUSCLE CHART  EXTENSOR POLLICIS LONGUS (eks-ten 'sor pol 'i-sis long gus) Long thumb extensor 


Extensor pollicis 
longus m. 


L 


Extension 


Name of Muscle Origins 


Posterior middle 
to lower ulna and 
interosseous membrane 


Extensor pollicis 
longus (“anatomical 
snuffbox”) 


Insertion 


Base of distal phalanx 
of thumb (dorsal) 


Actions 


Innervations | 


Radial nerve (C6-C8) 


Extension of thumb at 
IP, MP, and CMP joints, 
extension of wrist, 
abduction of wrist, weak 
supination for forearm 


medial to the extensor pollicis brevis and abductor 
pollicis longus, with the forearm pronated and fin- 
gers in relaxed flexion while actively extending the 
thumb. 


CLINICAL 
NOTES 


Muscle Specifics 


The primary function of the extensor pollicis longus 
muscle is thumb extension, although it does pro- 
vide weak assistance in wrist extension. It supports 
weak supination of the forearm from a pronated 
position. 

The tendons of the extensor pollicis longus and ex- 
tensor pollicis brevis, along with the tendon of the ab- 
ductor pollicis brevis, form the anatomical snuffbox, 
which is the small depression that develops between 
these two tendons when they contract. The name 
“anatomical snuffbox” originates from tobacco users 
placing their snuff in this depression. Deep in the 
snuffbox, the scaphoid bone can be palpated and is 
often a site of point tenderness when it is fractured. 


Clinical Flexibility 


The extensor pollicis longus is stretched by passively 
taking the entire thumb into maximal flexion at its 
carpometacarpal, metacarpophalangeal, and inter- 
phalangeal joints while fully flexing and adducting 
the wrist. Extend the elbow and hold the arm in front 
of you. With the other hand, position the fingers over 
the involved thumb, and move the thumb into flexion. 
Press gently and stretch for 2 seconds. Contraindica- 
tions: Stretching is safe with controlled movements. 
Tenderness might exist if de Quervain's tenosynovitis 
is present. 


Strengthening 


The extensor pollicis longus may be strengthened 
by extending the flexed thumb against manual re- 
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sistance. Wrap a rubber band around the thumb, 
and secure the other end with the 4th finger. With 
the palm down, extend the thumb, and repeat. Con- 
traindications: Strengihening is safe with controlled 
movements. Tenderness might exist if de Quervain's 
tenosynovitis is present. 


EXTENSOR POLLICIS BREVIS MUSCLE 
Palpation 


Palpate the extensor pollicis brevis just lateral to the 
extensor pollicis longus tendon on the dorsal side of 
the hand to its insertion on the proximal phalanx, 
with extension of the thumb carpometacarpal and 
metacarpophalangeal and flexion of the interphalan- 
geal joints. 


CLINICAL 
NOTES 


Muscle Specifics 


The extensor pollicis brevis assists the extensor pol- 
licis longus in extending the thumb. Because of its 
dorsal relationship to the wrist, it also provides weak 
assistance in wrist extension. 


Clinical Flexibility 


The extensor pollicis brevis is stretched by passively 
taking the first carpometacarpal joint and the meta- 
carpophalangeal joint of the thumb into maximal 
flexion while fully flexing and adducting the wrist. 
The stretch described for extensor pollicis applies 
here. Contraindications: These stretches are safe with 
controlled movements. Tenderness might exist if de 
Quervain's tenosynovitis is present. 


Strengthening 


The extensor pollicis brevis may be strengtihened 
through the exercises described for the extensor 
pollicis longus muscle. Contraindications: Strength- 
ening is safe with controlled movements. Tender- 
ness might exist if de Quervain's tenosynovitis is 
present. 
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OIAI MUSCLE CHART  EXTENSOR POLLICIS BREVIS (eks-ten 'sor pol'i-sis bre vis) Short thumb extensor 


Name of Muscle Origins Insertion 


Actions 


Innervations | 


Extensor pollicis brevis Posterior surface Base of proximal Extension of thumb at Radial nerve (C6, 7) 
of lower middle phalanx of the thumb CMP and MP joints, 
radius (dorsal) weak wrist extension, 
wrist abduction 


ABDUCTOR POLLICIS LONGUS MUSCLE 
Palpation 


With the forearm in neutral pronation and supina- 
tion, palpate abductor pollicis longus on the lateral 
aspect of the wrist joint, just proximal to the 1st meta- 
carpal during active thumb and wrist abduction. 


CLINICAL 
NOTES 


Muscle Specifics 


The primary function of the abductor pollicis longus 
muscle is abduction of the thumb, although it does 
provide some assistance in wrist abduction. 


Clinical Flexibility 


Stretching of the abductor pollicis longus is accom- 
plished by fully flexing and adducting the entire 
thumb across the palm with the wrist fully adducted, 
as during Finkelstein's test. To achieve this, make a 
tight fist with the thumb tucked inside the fingers. Ex- 
tend the elbow, and use the other hand to clasp the 
involved fist. Actively move the hand into ulnar flex- 
ion, and stretch at the end movement for 2 seconds. 
Contraindications: This stretch is safe with controlled 
movements. Tenderness mighi exist if de Quervain's 
tenosynovitis is present. 


Strengthening 


This muscle is best strengthened with the dumb- 
bell sleeve used previously. Stand clasping it with 
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OIAI MUSCLE CHART  ABDUCTOR POLLICIS LONGUS (ab-duk tor pol 'i-sis lon gus) Long thumb abductor 


Abductor pollicis 
longus m. 


— bd uction 


Name of Muscle Origins Insertion 
Abductor pollicis longus  Posterior aspect of Base of 1st 
radius and midshaft metacarpal 
of ulna (dorsal) 


the thumb forward. Secure the involved hand with 
the other hand to stabilize it. Lift the weight of the 
sleeve into radial flexion, and slowly return to the 
start position. This is an excellent movement to help 
treat de Quervain's tenosynovitis. Contraindications: 
Strengthening is safe with controlled movements. 
Tenderness might exist if de Quervain's tenosynovitis 
is present. 


Intrinsic Muscles of the Hand 


The intrinsic hand muscles may be grouped accord- 
ing to location as well as to the parts of the hand they 
control (figure 10.12). The abductor pollicis brevis, 
opponens pollicis, flexor pollicis brevis, and adductor 
pollicis make up the Zhenar eminence—the muscular 
pad on the palmar surface of the first metacarpal. The 
hypothenar eminence is the muscular pad that forms 


Actions Innervations 


Abduction and extension 
of thumb at CMP, 
abduction of the wrist, 
weak supination of 
forearm, weak flexion 

of wrist 


Radial nerve (C6, 7) 


the ulnar border on the palmar surface of the hand; ii 
is made up of the abductor digiti minimi, flexor digiti 
minimi brevis, and opponens digiti minimi. The inter- 
mediate muscles of the hand consist of three palmar 
interossei, four dorsal interossei, and four lumbrical 
muscles. 

Four intrinsic muscles act on the carpometacar- 
pal joint of the thumb. The opponens pollicis is the 
muscle that causes opposition in the thumb metacar- 
pal. The abductor pollicis brevis abducts the thumb 
metacarpal and is assisted in this action by the flexor 
pollicis brevis, which also flexes the thumb metacar- 
pal. The metacarpal of the thumb is adducted by the 
adductor pollicis. Both the flexor pollicis brevis and 
the adductor pollicis flex the proximal phalanx of the 
thumb. 

The three palmar interossei are adductors of the 
2nd, 4th, and 5th phalanges. The four dorsal interossei 
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Tendon sheath 


Tendon of flexor 
digitorum profundus [| 


Tendon of flexor 
digitorum superficialis 
Lumbricals 
Opponens 
digiti minimi 
Flexor digiti 
minimi brevis 
Abductor digiti 
minimi 

Flexor retinaculum 


Tendons of: 
Flexor carpi ulnaris 


Flexor digitorum 
superficialis 


Palmaris longus 


7 


N/A 
MIN A 


TPI 


First dorsal 
interosseous 


Adductor 
pollicis 


Tendon of flexor 
pollicis longus 


Flexor pollicis 
brevis 


Abductor pollicis 
brevis 


Opponens pollicis 


Tendons of: 
Abductor pollicis 
longus 
Flexor carpi 


Ș radialis 
[E ————— Flexor pollicis 


longus 


(a) Palmar aspect, superficial 


Palmar Opponens 
interosseous pollicis 
Opponens digiti 

minimi 


Flexor retinaculum 
(cut) 


Tendons of: 


Abductor pollicis 


Carpal tunnel longus 


Flexor carpi 
ulnaris 


ali 


(b) Palmar aspect, deep 


FIGURE 10.12  Intrinsic hand muscles 


both flex and abduct the index, middle, and ring proxi- 
mal phalanxes, in addition to assisting with extension 
of the middle and distal phalanxes of these fingers. 
The 3rd dorsal interossei also adducts the middle fin- 
ger. The four lumbricals flex the index, middle, ring, 
and little proximal phalanxes, as well as extend the 
middle and distal phalanxes of these fingers. 


Flexor carpi radialis 


Adductor 


pollicis 
zip Tendons of 
Ilici f 
Ea extensor digitorum (cut) 


Dorsal interosseous 


Abductor digiti 
minimi 


Extensor retinaculum 


j AI Tendons of: 

DS Extensor digiti minimi 

| f l- Extensor carpi ulnaris 
l.j 


Common tendon bl 
sheath of extensor ÎS 


digitorum and % 
extensor indicis 
Tendons of extensor | 
pollicis brevis and N | 

N 


abductor pollicis longus 


Extensor pollicis longus 
— Extensor digitorum 


(c) Dorsal aspect 


Three muscles act on the little finger. The oppon- 
ens digiti minimi causes opposition of the little finger 
metacarpal. The abductor digiti minimi abducts the 
little finger metacarpal, and the flexor digiti minimi 
brevis flexes this metacarpal. 

Refer to table 10.2 for further details regarding the 
intrinsic muscles of the hand. 
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TABLE 10.2  Intrinsic Muscles of the Hand 
Muscle Origin Insertion Action Palpation Innervation 
Opponens Anterior surface Lateral border CMC opposition Palmar aspect of Median nerve 
pollicis of transverse of 1st metacarpal  ofthumb 1st metacarpal (C6, C7) 
carpal ligament, with opposition of 
trapezium fingertips 
to thumb 
Abductor Anterior surface Base of 1st CMC abduction Radial aspect of Median nerve 
E pollicis of transverse proximal of thumb palmar surface (06, C7) 
S brevis carpal ligament, phalanx of 1st metacarpal 
= trapezium, with 1st CMC 
3 scaphoid abduction 
ai Flexor pollicis Superficial head: Base of proximal CMC flexion and Medial aspect of Superficial head: 
brevis trapezium and phalanx of abduction; MCP thenar eminence median nerve 
transverse carpal  1st metacarpal flexion of thumb just proximal to (C6, C7) 


ligament 
Deep head: ulnar 
aspect of Îst 


1st MCP joint with 
1st MCP flexion 
against resistance 


Deep head: ulnar 
nerve (C8, 11) 


Intermediate muscles 


metacarpal 
Adductor pollicis Transverse head:  Ulnar aspect of CMC adduction; Palmar surface Ulnar nerve 
anterior shafi of base of proximal MCP flexion of between 1st and (C8, T1) 


Palmar interossei 


Dorsal interossei 


Lumbricals 


3rd metacarpal 
Oblique head: 
base of 2nd and 
3rd metacarpals, 
capitate, 
trapezoid 


Shaft of 2nd, 
4th, and 5th 
metacarpals and 
extensor 
expansions 


Two heads on 
shafts on 
adjacent 
metacarpals 


Flexor digito- 
rum profundus 
tendon in center 
of palm 


phalanx of 1st 
metarcapal 


Bases of 2nd, 
4th, and 5th prox- 
imal phalanxes 
and extensor 
expansions 


Bases of 2nd, 
3rd, and 4th 
proximal 
phalanxes and 
extensor 
expansions 


Extensor expan- 
sions on radial 
side of 2nd, 3rd, 
4th, and 5th 
proximal 
phalanxes 


thumb 


MCP adduction of 
2nd, 4th, and 5th 
phalanges 


MCP flexion and 
abduction; PIP/ 
DIP extension of 
2nd, 3rd, and 4th 
phalanges; MCP 
adduction of 3rd 
phalange 


MCP flexion and 
PIP/DIP extension 
of 2nd, 3rd, 4th, 
and 5th phalanges 


2nd metacarpal 
with 1st CMC 
adduction 


Cannot be 
palpated 


Dorsal surface 
between 1st and 
2nd metacarpals, 
between shafts of 
2nd through 5th 
metacarpals with 
active abduction/ 
adduction of 2nd, 
3rd, and 4th MCP 
joints 

Cannot be 
palpated 


Ulnar nerve (C8, 11) 


Ulnar nerve, palmar 
branch (C8, T1) 


1st and 2nd: me- 
dian nerve (C6, C7) 
ard and 4th: ulnar 
nerve (C8, T1) 


(Continued) 
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TABLE 10.2  (Continued) 

Muscle Origin Insertion Action Palpation Innervation 
Opponens digiti Hook of hamate Medial border MCP opposition of On radial aspect Ulnar nerve (C8, 11) 
minimi and adjacent of 5th 5th phalange of hypothenar 

transverse carpal  metacarpal eminence with 
ligament opposition of 
5th phalange to 
1 thumb 
Ş Abductor digiti Pisiform and Ulnar aspect MCP abduction of Ulnar aspect Ulnar nerve (C8, 11) 
2 minimi flexor carpi of base of 5th 5th phalange of hypothenar 
5 ulnaris tendon proximal phalanx eminence with 5th 
2 MCP abduction 
o 
Ș Flexor digiti Hook of hamate Ulnar aspect MCP flexion of 5th Palmar surface of Ulnar nerve (C8, 11) 
minimi brevis and adjacent of base of 5th phalange 5th metacarpal, 
transverse carpal  proximal phalanx lateral to 
ligament opponens digiti 
minimi with 5th 
MCP flexion 


against resistance 


Introduction 


w The distal end of the upper extremity enables multifac- 
eted movements. Overusing the muscles of the fore- 
arm, hand, and wrist with repetitive actions may lead to 
sofi-tissue dysfunction. 


Bones 

w There are 29 bones that make up the complexity of the 
hand and wrist, including 8 carpals, 5 metacarpals, 14 
phalanges, and the radius and ulna. Bony landmarks pro- 
vide muscular attachment to make movement possible. 


Joints 

v The wrist is classified as a condyloid joint. The carpal 
joints are gliding joints, and the metacarpophalangeal 
joints are classified as condyloid, like those in the wrist. 
The phalanges have ginglymus, or hinge, joints. The 
thumb has a saddle joint at its metacarpal base to pro- 
vide opposition. 


Movemenis of the Wrist and Hand 

vw The wrist provides movement in two planes that in- 
cludes flexion, extension, abduction (radial flexion), 
and adduction (ulnar flexion). The metacarpophalan- 
geal joints, or knuckles, also provide flexion, extension, 
abduction, and adduction. The phalanges only flex and 


extend. The specialized thumb provides flexion, exten- 
sion, abduction, and adduction. The ability to touch the 
thumb to other fingers is called opposition. 


Muscles 


w Anteriorly, the palmaris longus is the most superficial 
muscle and is supported by flexor carpi radialis and 
flexor carpi ulnaris on both sides. The flexor digitorum 
superficialis and flexor digitorum profundus cause flex- 
ion of the fingers. Flexor pollicis longus flexes the thumb. 
Most flexors originate on or near the medial epicondyle 
of the humerus. 

v Posteriorly, the extensors stem from the lateral epi- 
condyle area of the humerus. The extensor carpi ra- 
dialis longus and extensor radialis brevis run side by 
side to the hand. The extensor carpi ulnaris occupies 
the ulnar side to the base of the metacarpal of the 
little finger. Extensor digitorum governs extension of 
the fingers. Extensor indicis helps point the index fin- 
ger. Extensor digiti minimi holds up the little finger by 
itself. Extensor pollicis longus and extensor pollicis 
brevis extend the thumb. Abductor pollicis longus in- 
serts on the base of the 1st metacarpal and abducts 
the thumb. 

vw There are many intrinsic muscles of the hand that add to 
movement of the thumb and fingers. 


Nerves 

vw The nerves for the hand and wrist muscles stem pri- 
marily from the brachial plexus. They include the radial, 
ulnar, and median nerves. 


Individual Muscles of the Wrist and Hand—Flexors 

w Palmaris longus is a superficial muscle that does not 
go through the carpal tunnel. lt comes from the medial 
epicondyle and inserts into the palm of the hand. Ii is 
sometimes used for tendon repair and may even be ab- 
sent on some people. 


w Flexor carpi radialis spans from the medial epicondyle 
and inserts on the radial side of the wrist at the base of 
the 2nd and 3rd metacarpals. It is a strong flexor of the 
wrist and radially flexes the wrist. 


w Flexor carpi ulnaris comes from the medial epicondyle 
and runs down the ulnar side of the forearm to the base 
of the Bth metacarpal. Its functions are flexion and ulnar 
flexion of the wrist. This tendon does not go through the 
carpal tunnel. 


vw Flexor digitorum superticialis is an anterior forearm mus- 
cle that has multiple attachments to the radius, the ulna, 
and the medial epicondyle of the humerus. It inserts dis- 
tally to the sides of four fingers and flexes the fingers and 
wrist. All four tendons go through the carpal tunnel. 


w Flexor digitorum profundus is a deep muscle that sup- 
ports the superficialis as a foundation, but it has attach- 
ment only to the ulna and not to the humerus. It inserts 
on the base of the distal phalanxes of the four fingers 
and gives only the ability to flex the distal phalanxes. All 
four tendons go through the carpal tunnel. 


w Flexor pollicis longus is a thumb flexor and assists in 
flexion of the wrist. This tendon also goes through the 
carpal tunnel. 


Individual Muscles of the Wrist and Hand—Extensors 

vw Extensor carpi ulnaris comes from the lateral epicon- 
dyle and runs down the ulnar side of the forearm to the 
base of the 5th metacarpal on the dorsal side of the 
hand. Its functions are extension and ulnar flexion of 
the wrist. 


Worksheet Exercises 


As an aid to learning, for in-class or out-of-class 
assienments, or for testing, tear-out worksheets are 
found at the end of the text, on pages 531-534. 


True or False 


Write true or false after each statement. 
1. The pronator teres can entrap the radial nerve. 


2. There are 10 carpal bones in the hand. 
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w Extensor carpi radialis brevis spans from the lateral epi- 
condyle and inserts at the base of the 3rd metacarpal 
on the dorsal side of the hand. It extends the wrist and 
assists in radial flexion of the wrist. 


w Extensor carpi radialis longus is a posterior forearm 
muscle that spans from the lateral epicondyle to the 
dorsal side of the hand at the base of the 2nd metacar- 
pal. It is a strong extensor of the wrist and radially flexes 
the wrist. 


w Extensor digitorum is a large muscle of the posterior 
forearm that runs from the lateral epiconayle to the dor- 
sal base of the distal phalanxes of the four fingers. Ii 
extends the fingers and wrist. 


vw Extensor indicis does not come from the lateral epi- 
conoyle. It is a smaller muscle that originates from the 
ulna and inserts at the index finger on the dorsal side. Ii 
helps to extend the index finger. 


w Extensor digiti minimi begins at the lateral epiconayle 
and runs down the posterior forearm to the dorsal 
side of the little finger. lt supports extension of the little 
finger. 

w Extensor pollicis longus is a posterior forearm thumb 
muscle. It begins on the ulna and inseris at the base 
of the distal phalanx of the thumb. It is a fairly strong 
muscle that extends the thumb and wrist and assists in 
abduction of the wrist. 


w Extensor pollicis brevis comes from the posterior radius 
to insert on the dorsal base of the proximal phalanx of 
the thumb. It assists the extensor pollicis longus to ex- 
tend the thumb. 

w Abductor pollicis longus crosses the posterior forearm 
from the ulna and radius to the base of the dorsal 1st 
metacarpal of the thumb. It abducts the thumb and wrist 
and assists in extension of the thumb. 


Intrinsic Muscles of the Hand 


w The intrinsic hand muscles may be grouped according to 
location as well as to the parts of the hand they control. 


3. The radial nerve goes through the carpal tunnel. 

4. The wrist is a condyloid joint that performs flex- 
ion, extension, abduction, and adduction. 

5. The palmaris longus is a superficial muscle and 
performs weak flexion of the wrist. 

6. The capitate can sometimes depress the carpal 
tunnel. 

7. The flexor digitorum profundus controls flexion 
at the distal end of the four phalanxes. 
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8. 


îl 


125 


The tendons of extensor pollicis longus and 
brevis and the abductor pollicis longus form a 
depression in the hand called the anatomical 
snuffbox. 


The thumb extensors assist in wrist adduction. 


„ The extensor digiti minimi assists in extension of 


the wrist as well as of the little finger. 

Flexor carpi ulnaris does not go through the 
carpal tunnel. 

Flexors and extensors of the wrist work together 
to cause wrist abduction and adduction. 


Short Answers 
Write your answers on the lines provided. 


ile 


Discuss why the thumb is the most important 
part of the hand. 


. What muscle of the forearm could be used for 


tendon repair? 


„ Name three nerves that primarily innervate the 


muscles that have action on the hand and wrist. 


Name the nerve that goes through the carpal 
tunnel. 


.„ What muscles work together to complete ulnar 


flexion of the wrist? 


„ What special function does the saddle joint allow 


the thumb to perform? 


„ Name a common origin of many flexors of the 


hand and wrist. 


10. 


How many bones are in the hand and wrist, 
including the ulna and radius? Name them, and 
give the number of each in the cases of multiple 
similar bones. 


. What extensor muscles work together to com- 


plete radial flexion of the wrist? 


„ Name the common origin of many extensors of 


the hand and wrist. 


ial 


Name the two muscles that are the strongest flex- 
ors of the wrist. 


Multiple Choice 


Circle the correct answers. 
il, 


The distal interphalangeal joints are which clas- 
sification of joint? 

a condyloid 

b. ginglymus 

c. saddle 

d. pivot 


. The metacarpophalangeal joints are which clas- 

sification of joint? 

a. ginglymus 

b. saddle 

c. condyloid 

d. ball and socket 

. The carpometacarpal joint of the thumb is a 

joint. 

a. ginglymus 

b. condyloid 

c. pivot 

d. saddle 

„ The nerves that innervate the flexors and exten- 

sors of the hand and wrist include: 

a. radial, median, and ulnar nerves 

b. radial and ulnar 

c. sciatic 

d. ulnar only 

. The muscles that flex the finger include: 

a. flexor carpi radialis, flexor digitorum superfi- 
cialis, and flexor carpi ulnaris 


b. flexor digitorum superficialis and flexor digi- 
torum profundus 

c. flexor carpi radialis and flexor carpi ulnaris 

d. extensor digitorum and flexor digitorum su- 
perficialis 


. The muscle that attaches to the dorsal base of 
the distal phalanx of the thumb is called: 

a. extensor pollicis brevis 

b. abductor pollicis longus 

c. flexor hallucis longus 

d. extensor pollicis longus 


. Locate the following parts of the humerus, ra- 
dius, ulna, carpals, and metacarpals on a human 
skeleton and on a partner. 


a. Skeleton: 


Medial epicondyle 

Lateral epicondyle 

Lateral supracondylar ridge 
Trochlea 


E SAI Ia 
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7. The base of the 2nd and 3rd metacarpal on the 
palmar side is the insertion for: 


10. 


a. 
p. 
c, 


d. 


a. 
le, 


c. 


d. 


a. 


le 


c. 


cl. 


extensor carpi radialis 
palmaris longus 
flexor carpi radialis 
flexor carpi ulnaris 


„ Abductor pollicis longus can perform: 


abducition of the thumb 

abduction and extension of the thumb 
abduction of the thumb and weak flexion of 
the elbow 

abduction of the thumb and weak extension 
of the elbow joint 


. Primary wrist extensors include: 


extensor carpi radialis longus, brevis, and 
ulnaris 


extensor carpi radialis brevis and longus and 
flexor carpi radialis 


flexor digitorum superficialis and extensor 
pollicis longus 


extensor carpi radialis longus only 


Superficial to deep flexors of the forearm include: 


a. 


flexor digitorum profundus, flexor digitorum 
superficialis, flexor carpi radialis and ulnaris, 
and palmaris longus 


„ Flexor digitorum superficialis and palmaris 


longus 


. palmaris longus, flexor carpi ulnaris and 


radialis, flexor digitorum superficialis, and 
flexor digitorum profundus 


„ flexor carpi ulnaris, flexor digitorum profun- 


dus, palmaris longus, flexor carpi radialis, 
and flexor digitorum superficialis 


Capitulum 

Coronoid process 

Tuberosity of the radius 

Styloid process—radius 

Styloid process—ulna 

1st and 3rd metacarpals 

Carpal bones 

1st phalanx of the 3rd metacarpal 
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„, Partner: 


b 
1.  Medial epicondyle 

2. Lateral epicondyle 

3.  Lateral supracondylar ridge 

4. Pisiform, hook of hamate, capitate 
5. Scaphoid (navicular), trapezium 

6. Metacarpal bones 


2. How and where can the following muscles be 
palpated on a partner? 
a. Flexor pollicis longus 
b. Flexor carpi radialis 
c. Flexor carpi ulnaris 
d. Extensor digitorum longus 
e. Extensor pollicis longus 
f. Extensor carpi ulnaris 


3. Demonstrate the following actions, and list the 
muscles primarily responsible for these move- 
ments at the wrist joint. 

a. Flexion 
b. Extension 


Flexion 


Adduction 


c. Abduction 
d. Adduction 


„ Locate on a partner all the origins and insertions 


of each muscle listed in this chapter. 


. How should boys and girls be taught to do push- 


ups? Justify your answer. 


a. Hands flat on the floor 
b. Fingertips 


. With a laboratory partner, determine how and 


why maintaining full flexion of all the fingers 
is impossible when passively moving the wrist 
into maximal flexion. Is it also difficult to 
maintain maximal extension of all the finger 
joints while passively taking the wrist into full 
extension? 


. Muscle analysis chart: Fill in the chart below by 


listing the muscles primarily involved in each 
movement. 


Wrist and hand 


Extension 


Abduction 


Fingers—metacarpophalangeal joints 


Flexion 


Abduction 


Extension 


Adduction 


Fingers—proximal interphalangeal joints 


Flexion 


Extension 


Fingers—distal interphalangeal joints 


Flexion 


Flexion 


Abduction 


8. Describe the importance of the intrinsic muscles 


in the hand in turning a doorknob. 


Extension 


Thumb 


Extension 


Adduction 


9. Determine the kind of flexibility exercises that 


would be indicated for a patient with carpal 
tunnel syndrome, and explain in detail how they 
should be performed. 


Unwinding the Soft Tissues of the 
Forearm: Dimensional Massage 

Techniques for the Muscles of the 
Hand and Wrist 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 
11-1 Define key terms. 


11-2 Describe the difference between entrapmeni 
and compression. 

11-3 Discuss how posture and sleep positions can 
contribute to sofi-tissue conditions. 

11-4 List several potential causes of carpal tunnel 
syndrome. 


11-5 Determine safe treatment protocols and refer 
clients to other health professionals when 


necessary. 

Adhesion Degenerative disk 
sară Arthritis A SA 
TERMS Dupuytren's 

Collagen contracture 


11-6 Review general pathologies and conditions 
of the muscles of the hand and wrist. 


11-7 Develop a treatment protocol for conditions 
of the lateral and medial epicondyle areas. 


11-8 Demonstrate safe body mechanics. 


11-9 Practice specific techniques on the hand and 
wrist muscles. 


11-10 Incorporate dimensional massage therapy 


techniques in a regular routine or use them 
when needed. 


Ganglion Spurs Tendon sheath 
Osteoarihritis Strains 
Sprains Subluxation 


Introduction 


The distal end of the upper extremity enables peo- 
ple to perform a number of detailed actions, in- 
cluding gripping, pushing, grasping, and letting go 
of objects. Yet the muscles that control these abili- 
ties are not just in the hands. The forearm and arm 


provide the bony attachments for the muscles that 
span the territory to the hand and wrist. The entire 
kinetic chain of the upper extremity provides the 
body with the mechanism to utilize the hand and 
wrist to their maximum capacities. 

There are many complicated issues associated 
with the wrist, which performs only four actions: 
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flexion, extension, abduction, and adduction. There 
is no rotary action at the wrist; the wrist simply 
goes along for the supination and pronation “ride,” 
because the radioulnar joint performs these ac- 
tions. Flexor muscles originating from the medial 
epicondyle area of the humerus offer powerful sup- 
port to flexion. The extensors oppose flexion with 
an appropriate number of muscles and matched 
strength that perform extension. The extensor mus- 
cles begin on the contralateral side of the forearm 
on or near the lateral epicondyle region of the hu- 
merus. Although the flexor and extensor anatomy 
seems perfectly reasonable for appropriate actions, 
there is a problem with the design in the actual 
structures that make up the hand and forearm. 

As discussed in Chapter 10, the anatomy of the 
forearm and the hand and wrist is a combination 
of many muscles and tendons in a compact pack- 
age. The carpal tunnel provides a limited area for 


10 flexor tendons, blood vessels, and the median 
nerve and its branches to traverse through without 
developing inflammation orfriction. Unfortunately, 
because of the tunnel's structure, this creates a 
recipe for potential injury and overuse syndromes. 
Extreme positions and the wrists repetitive ac- 
tions add torque on muscles and tendons coming 
from proximal positions and attachments, and this 
often results in tenderness at those origins. The 
hand commonly performs sideways actions (ulnar 
flexion or radial flexion). Applying pressure with 
the palm while the hand is in ulnar or radial flex- 
ion can develop tendonitis or soreness at the ten- 
dinous points of insertion in the hand. Structure, 
positions of the hand, and repetitive actions are all 
at fault for overuse syndromes and soft-tissue dys- 
functions. Additionally, physical trauma to the re- 
gion often results in injury and possible hand and 
wrist structural problems. 


Injuries and Overuse Syndromes 


FRACTURES AND TRAUMATIC INJURIES 
TO THE HAND AND WRIST 


A variety of soft-tissue problems and bony injuries can 
occur in the hand and wrist. Carpenters, manual la- 
borers, and fishermen often sustain hand injuries from 
myriad sources. Chefs and cooks perform job-related 
repetitive hand actions that can potentially lacerate 
tendons or cause other hand and wrist injuries. Ath- 
letic injuries, car accidents, or falls on an icy sidewalk 
also can result in traumatic injuries to the hand and 
wrist. In short, throughout life, the hand and wrist 
rarely escape injuries and accidents unscathed. 

Like any joint in the body, the hand and wrist 
joints are susceptible to dislocation and fracture from 
trauma. Usually, a person's natural reaction to a slip 
and fall is to use his hand to break the fall. Landing on 
the hand with the entire weight of the body, however, 
is often harmful. The force of the fall can fracture the 
radius and ulna at the wrist; dislocate and fracture 
fingers, metacarpals, and/or carpals; tear or avulse 
ligaments; and cause sprains and strains. Sprains are 
injuries with various levels of severity that often tear 
ligaments and soft tissue and bruise nerves. All signs 
and symptoms ofinflammation are present, and x-rays 
often are required to rule out fractures. Strains are 
injuries to the soft tissue, such as a stretch or tear ofa 
tendon or muscle; like sprains, they also have various 
levels of severity. For broken bones and dislocations, 
medical attention is needed to appropriately set and 
realign fingers. Improperly treated bone injuries can 
lead to arthritic buildup around joints that can limit 
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motion sooner than the natural aging process would, 
although these arthritic conditions may be inevitable 
even with proper treatment. 

Laceration of tendons in the hand are problematic 
and require surgical tendon repair. Tendons that are 
cut in the hand recede like a rubber band that has lost 
its elasticity. If the tendon is a flexor, the surgeon may 
have to thread the tendon back through the carpal 
tunnel and reattach it to its insertion. Injuries of this 
nature require physical therapy and massage ther- 
apy in the rehabilitation phase for the best results in 
maintaining or restoring maximum range of motion 
and grip. 


Tendonitis, Tendonosis, 
and Tenosynovitis 


Repetitive injuries frequently result in humeral epicon- 
dyle conditions, including tendonitis, tendonosis, and 
tenosynovitis. Tendonitis is defined as an inflammation 
ofa tendon. There are different types of tendonitis that 
require diagnoses. The worst cases of tendonitis usu- 
ally involve the tendon pulling the periosteum away 
from the bone. This could be a partial tear, but it will 
still require a clinical evaluation and diagnosis. Some- 
times tendons develop a lesion in the body of the ten- 
don from constant-use, injury, or certain-use patterns. 
(See the adhesion definition below.) What separates 
tendonitis from tendonosis is that with tendonitis in- 
flammation is present at the injury site. 

The immediate physical responses at an injury 
site, such as a tear in a tendon, are inflammation and 
repair. The connective tissue binds the wound in an 


attempt to rapidly begin the repair process, but this 
does not begin to return the area to its preinjured 
state or original structure. The result is not always 
optimal and may leave a painful scar or adhesion. Ice 
is a first-aid measure and is applicable for tears. Deep 
transverse friction has long been a technique to help 
with adhesive tissue, but what if the condition is not 
tendonitis but, rather, tendonosis? 

Tendonosis is defined as a breakdown in collagen 
fibers in the tissue. Collagen is made up of mostly 
protein and is composed of the white fibers of con- 
nective tissue. Tendonosis may be more common 
than otherwise expected, as tendonitis has been used 
as a catchall term of diagnosis for some time. In ten- 
donosis, there is a lack of vascularity in the tendon 
structure as well as a “fray” in the fibers. This con- 
dition causes the tendon structure to lack integrity 
and strength, and it produces chronic pain and sore- 
ness. Unwinding the forearm in a logical sequential 
pattern and using circular friction on the offending 
site is an appropriate treatment option for massage 
therapy. See the techniques and treatment protocols 
of the forearm, hand, and wrist, discussed later in the 
chapter, for additional information. 

Tenosynovitis is an inflammation of a tendon sheath. 
Flexor and extensor tendons have “common” tendons 
that originate on the medial and lateral epicondyles, 
respectively. Tendon sheaths, plastic wrap-like con- 
nective tissue, surround these individual groups and 
can become inflamed from the repetitive action and 
continual torque received in this region. As previously 
stated, the flexor group in the carpal tunnel also has 
a tendon sheath, as does the flexor pollicis longus in 
the thumb. 

These three conditions are difficult to distinguish 
from each other and certainly require diagnosis. Gen- 
erally, tenosynovitis occurs only where tendon sheaths 
are located. Orthopedic tests can help determine the 
diagnosis. Clinical solutions include ice, bracing, and 
corticosteroids. Practitioners should use extreme cau- 
tion with acute conditions. Follow careful treatment 
protocols for these painful injuries, and refer clients 
to medical practitioners when necessary. 


Other Soft-Tissue Issues 


A lump on the dorsal side of the wrist often is a 
ganglion. A wrist ganglion is a cyst that usually pro- 
trudes on the dorsal side of the wrist. It sometimes 
comes from the tendon sheath or from a joint capsule. 
Ganglions are annoying, slightly painful growths that 
occasionally impair range of motion. Physicians tend 
to drain the fluid contained in a ganglion. Ganglions 
should not be massaged directly; however, the area 
around the growth can be worked, as long as inflam- 
mation is not present. 


chapter 11  Unwinding the Soft Tissues of the Forearm 227 


Dupuytren's contracture is a debilitating hand 
condition that can inhibit normal hand and finger 
functions. Named after French surgeon Guillaume 
Dupuytren (1777-1835), this condition involves the 
palmar aponeurosis or fascia and nodules that develop 
in the fibrous tissue and cause a permanent flexion of 
mostly the 4th or 5th fingers in one or both hands. 
The muscle that inserts into the palm is the palmaris 
longus. Although this condition is thought to be he- 
reditary, it is common in clam diggers and lobster 
fishermen, whose hands are submerged in cold water 
in flexed positions performing repetitive actions, and 
in carpenters, who use tools that press into the palm. 
Caught at the onset, this condition might be helped 
with paraffin baths and massage to the palm, the pal- 
maris longus, and other wrist flexors. Stretching is a 
necessary maintenance tool for this condition. Should 
the problem proceed to permanent flexion, surgical 
intervention is a known alternative. 


Nerve Complaints 


CARPAL TUNNEL REVISITED 


Chapters 9 and 10 defined carpal tunnel syndrome as 
an inflammatory condition of the median nerve in the 
carpal tunnel that distributes pain and discomfort to 
distal fingers. There are many causes of this condi- 
tion. Anything that diminishes the area in the carpal 
tunnel can be a causative factor. Small tumors and/or 
a ganglion can reduce the room in the carpal tunnel. 
Fluid retention during pregnancy can decrease avail- 
able space. The shape of the tunnel is an important 
factor, and it cannot have any depressions that de- 
prive its “occupants” of available room. A depressed 
capitate bone can reduce space in the carpal tunnel. 
Tenosynovitis of the flexor digitorum superficialis and 
flexor digitorum profundus can increase swelling and 
add friction in this confined area, which could in turn 
press against the median nerve. 

Outside the tunnel itself, the median nerve is at risk 
of entrapment by the pronator teres and/or pectoralis 
minor soft tissues. Bony compression of the brachial 
plexus can reduce innervation, eventually irritate the 
median nerve, and produce distal symptoms. Many 
factors, in addition to repetitive actions and extreme 
wrist positions, can contribuie to carpal tunnel syn- 
drome and/or distal sensations. Diagnosis may in- 
clude a nerve conduction test to determine the exact 
cause of the distal sensations, whether it is indeed 
carpal tunnel syndrome or is a median nerve entrap- 
ment at a different site. Conservative measures in- 
clude releasing sofi-tissue entrapment, wearing wrist 
braces, and correcting any sleep postures. Surgery of 
the flexor retinaculum might be a necessary solution, 
but it should be considered a last resort. 
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ENTRAPMENT VERSUS COMPRESSION 


Not all nerve complaints in the hand and wrist involve 
the carpal tunnel and/or the median nerve. Entrap- 
ment of the radial nerve in the triceps can translate 
to decreased innervation, inadeguate ability to apply 
pressure between the thumb and the index finger, 
and painful sensations. Ulnar nerve entrapment in 
the arm and flexor carpi ulnaris can cause weakness 
and discomfort in the 4th and 5th fingers. The ulnar 
nerve also can be compressed by the cubital tun- 
nel, as previously discussed. Nerve transposition is 
a surgical solution for ulnar nerve compression. In 
an ulnar nerve transposition, the surgeon reroutes 
the ulnar nerve. Dropping of objects and weakness of 
grip are typical symptoms of this compression prob- 
lem. Passive movement of the involved joints of the 
upper extremity will help to confirm or negate pain, 
numbness, or tingling. Undiagnosed positive pain 
results with passive movement should be a reason to 
refer the client to the appropriate health professional. 
Massage therapy is beneficial when the soft tissue is 
involved. 


SLEEP POSITIONS AND POSTURE 


Sleep positions and posture play a pari in distal nerve 
sensation problems. Sleeping with the upper extrem- 
ity above the head helps the pectoralis minor entrap 
the brachial plexus and possibly impede blood sup- 
ply to the hand and wrist. The individual will awaken 
with a numb extremity and will have to use the other 
hand to pull the affected body part back to an ana- 
tomical position. (See Chapters 4 and 5 on the shoul- 
der girdle.) Sleeping in a fetal position with rounded, 
collapsed shoulders can contribute to entrapment 
of the brachial plexus. Some people sleep with the 
wrists in extreme flexion, and this can cause numb- 
ness and tingling to the whole hand and wrist. Rem- 
edies for these troublesome habits may range from 
using multiple pillows to help prevent bad sleep pos- 
tures to wearing a brace to preveni bending the wrist 
joint. 

Posture can contribute to nerve complaints. Ab- 
ducted scapulae (rounded shoulders) and the repeti- 
tive action of leading with a pronated forearm engage 
the pronator teres to possibly entrap the median 
nerve. 

The position of the body while asleep or awake 
can have a long-term effect on the musculoskeletal 
structure. The body grows accustomed to sleeping 
positions; it “learns” and remembers repeated poor 
postural habits. Therapists should routinely exam- 
ine their clients” postures. Is one shoulder higher? 
Does the dominant arm round forward and sit in 


front of the body in a pronated area on the thigh? 
The answers to these questions will provide clues 
to the client's shortened muscles, compensating an- 
tagonists, and learned posture. It is beneficial for 
the therapist to use a visual cue chart or diagram of 
the body for jottiing down observations and then to 
share the information with the client and develop 
a meaningful goal of treatment based on the total 
information. 


Arthritis, Osteoarthritis, 
Degenerative Disk Disease, 
and Cervical Subluxations 


Compression of nerves at the cervical level may in- 
volve arthritis, osteoarthritis, degenerative disk dis- 
ease, and/or cervical subluxations. Arthritis is an 
inflammation of a joint and is common in the aging 
process. More common in the cervical and lumbar 
spine is osteoarthritis. Osteoarthritis is a degenera- 
tive joint disease that in the spine can add to the bony 
growth size of individual vertebrae and fray the edges 
in a jagged manner. Spurs, or bony growths on the 
side of the vertebrae, can grow together, sometimes 
virtually linking the vertebrae in what is called “kiss- 
ing spurs.” The additional bony growth inhibits neck 
movement and innervation. Nerves that are inhibited 
by bony growths may result in muscle atrophy and 
twitching in the upper extremity. Osteoarthritis has 
no cure and often resides in bones and joints that 
have experienced previous injuries. 

Degenerative disk disease is often present in 
individuals who have osteoarihritis; it also may be 
included in the definition of osteoarthritis. Degen- 
erative disk disease is the literal depletion of the disk 
space between the vertebrae. The disk itself degener- 
ates and reduces in size. The disk is needed to sepa- 
rate the vertebrae and allow space for nerves to travel 
safely out of the area. 

Anyone who has visited a chiropractor or a ma- 
nipulative osteopath may understand the definition 
of a subluxation. With the exception of the Cl and 
C2 relationship, most of the vertebrae are classified as 
gliding joints. A subluxation is a joint that is slightly 
ajar. It is not dislocated, but it has articular surfaces 
that are somewbhat out of alignment. The chiroprac- 
tor will “adjust” the vertebrae to realign the bones in 
an optimum placement. Massage therapy and chiro- 
practic and/or manipulative adjustors complement 
each other. Massage therapy can relax the sofi tissue, 
thereby assisting in the success of adjustments and 
maintenance, and may decrease the number of fur- 
ther subluxations. 


Pain, numbness, and tingling with passive move- 
ment may help distinguish a problem in the cervical 
region. If the massage therapist suspects cervical in- 
volvement and/or nerve compression, it is appropri- 
ate to refer the client to a medical practitioner. 

This book is not meant to be a complete pathol- 
ogy text. Students are urged to take required pathol- 
ogy courses to become knowledgeable about a variety 
of pathologic conditions and problems of the whole 
body. Contraindications for each condition should be 
reviewed. After confirming local and general contrain- 
dications, the therapist can proceed with caution, 
care, and appropriate applications to injured areas as 
well as to compensating regions. Often, the rest of the 
body needs massage as ii tries to deal with its injured 
parts. 


Unwinding the Forearm Muscles 


In Swedish massage, therapists are taughi to start 
with effleurage at the wrist and apply the technique 
to the entire upper extremity. Many therapists per- 
form stripping immediately following effleurage to 
the forearm tendons and muscles. Therapeutically, 
however, this is not necessarily an appropriate se- 
quence for the forearm muscles. Only techniques 
that allow the tissue to respond without undue dis- 
comfort should be applied. Using the stripping tech- 
nique too soon in a sequence may feel like trying to 
push cement through a tube. If the muscles are tight 
and overworked, it will be difficult to push through 
the knots. Instead, the therapist needs to unwind the 
tissue methodically and apply the appropriate tech- 
nique for the right purpose. It is important for the 
therapist to reflect on what the technique actually 
does and how it works. 

Chapter 9 stated that it would be prudent to start 
on the shoulder girdle muscles to set the stage and 
treat the muscles that are holding on to the upper 
extremity. Relaxing the shoulder girdle muscles that 
have had a compensating tension establishes a posi- 
tive response pattern. Because the client is seeking 
pain relief, it is important not to start on the most 
painful site first. 


POSSIBLE SEQUENCE FOR THE 
LATERAL AND MEDIAL EPICONDYLE 
AREAS 


A client presents with diagnosed tendonosis or ten- 
donitis in the lateral epicondyle area, which is uncom- 
fortable and tender at the origin sites of the common 
extensor tendons. Depending on the repetitive action 
and how long the tissues have been overworked, there 
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may be a number of involved muscles in this overuse 
condition. The therapist should take a dimensional 
approach and apply techniques to the involved mus- 
cles, compensating soft tissue, and muscles associ- 
ated with similar joint activity. The probable muscles 
in this example could include: 


* Brachioradialis, extensor carpi radialis longus and 
brevis, extensor digitorum, possibly extensor carpi 
ulnaris and extensor digiti minimi, triceps and 
anconeus, supinator, biceps, and brachialis. 


e Among the medial epicondyle muscles, the prona- 
tor teres, flexor carpi ulnaris and radialis, flexor 
digitorum superficialis, and flexor digitorum 
profundus, even though it does not attach to the 
medial epicondyle. Do not overlook the biceps and 
brachialis in the arm. 


Therapists must remember that overuse and re- 
petitive soft-tissue problems are created over time; 
however, massage therapy does not “fix” people. 
Instead, ii allows the body to process the benefits 
of the techniques applied and help itself toward 
healing. It usually takes more than one session to 
unwind a problematic forearm—it may even take 
months. Therapists must be patient and stay posi- 
tive. Additionally, massage therapy is just one facet 
of the teamwork involved in the healing process. The 
client may well need other professionals to assist in 
rehabilitation with stretching and strengthening. 
She will have to take responsibility for her journey 
to wellness by repeating the recommended exercises 
and stretches and performing any repetitive actions 
more safely with better body mechanics or in a more 
ergonomic setting. 

The following techniques can be used as a com- 
plete sequence or be incorporated into other treat- 
ment sequences. As stated earlier, these techniques 
support the therapist's purpose to reduce hyperto- 
nicities, lengthen fibers, separate tissues, reduce sore- 
ness and pain levels, increase flexibility, and increase 
movement to restricted action. 


Dimensional Massage Therapy 
for the Hand and Wrist Muscles 


When practicing dimensional massage techniques, 
remember that the paris of the upper extremity are 
connected. To properly treat the whole, it is nec- 
essary to manipulate the shoulder, elbow, wrist, 
and hand soft tissues. If there is referring distal 
soft-tissue discomfort, investigate the infraspina- 
tus, subscapularis, scalenes, and pectoralis major 
and minor. See Chapters 13 and 14 for more about 
the scalenes and possible entrapment syndrome. 
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TREATMENT PROTOCOL FOR THE MUSCLES OF THE FOREARM, HAND, AND WRIST 


How do you approach these problems in a sequence? 


* Always use treatment protocols to determine the sequence 
of a therapeutic session. 


e  Palpate tissues. 


e Follow a dimensional approach, and critically think about 
the involved joints and kinetic chain. 


+  Determine pressure intelligently. 


e Start on the shoulder girdle muscles to unwind compen- 
sating tissues. 


* Moveto the arm muscles and attachments to rule out any 
muscles that are assisting repetitive actions or entrapment 
issues. 


e Unwind the soft tissue in the elbow joint area. 


e Start superficially to deep on the forearm muscles. Use 
elliptical movement and techniques to unwind the brachio- 
radialis. Use dry techniques first on the forearm. 


e Visit all the muscles possibly involved in the problem. 
e Visit all the attachments of the involved muscles. 

e Use ice when appropriate. 

e Workon the uninjured or less injured extremity first. 


Additionally, make sure you release the muscles 
of the posterior neck and shoulder girdle. Review 
and utilize the techniques from the previous chap- 
ter, as they overlap liberally in this routine. Use 
ice, when necessary, before administering mas- 
sage and deep-tissue techniques, and use plenty 
of warm-up techniques before deep-tissue work. 
Intersperse elliptical movements to facilitate loos- 
ening of tissue. Use the techniques intelligenily. 
Sink into the tissues, and they will respond by 
melting. 


SUPINE BODY POSITION: FOREARM, 
HAND, AND WRIST 


Compression of the Forearm Muscles 


Use the palm of one hand to effectively compress the 
muscles of the clients forearm. Apply the technique to 
the extensors as well as to the flexors. Make sure your 
hands are relaxed; use your body weight as you com- 
press. Use a pumping motion beginning closer to the 
elbow joint area, and work distally. (See figure 11.1.) 


Passively shorten the muscles whenever possible with 
techniques to decrease tension. 


Administer stripping and compressive effleurage at appropri- 
ate times when the tissue is ready for increased circulation. 


Be careful of the thumb muscles on the dorsal side of the 
forearm when you are “stripping” tendons. See Chapter 10 
for the direction of fibers of ihe thumb muscles. 


Use active engagement techniques toward the end of the 
sequence. They are performed by asking the client to move 
the hand in flexion or extension while you are administer- 
ing a particular technique. Active engagement techniques 
increase the neuromuscular mechanisms in the tissues 
and reinforce movement patterns. 


Do not ignore the flexor muscles just because the 
condition is an extension or lateral epicondyle issue. 
Remember, muscles work in groups and in paired 
opposition. 

Do not overwork sore areas. Ii is better to allow the ex- 
tremity to process the treatment naturally and in its own 
time rather than to overwork it. 

See the techniques in the section below for additional sug- 
gestions. 


FIGURE 11.1 Compression of the forearm muscles 


Jostling ihe brachioradialis 


Jostle of the Brachioradialis 


Make sure the elbow joint is slightly flexed. Pick up 
the bulk of the muscle close to the elbow joint, apply a 
bit of a stretch, and jostle the brachioradialis toward 
the wrist. Repeat several times. (See figure 11.2.) 


Elliptically Move the Forearm Muscles 


Pick up the clients forearm (palm down) and grasp the 
muscles on both sides with your thumbs top-side-up 
and your fingers on the other side of the forearm. Ellip- 
tically move the forearm muscles. Notice how the radius 
shows movement. Move your hands in a variety of posi- 
tions from proximal to distal. Repeat on the flexor side. 
(See figure 11.3.) This technique can be used liberally 
throughout the routine. Note: Lubrication will make it 
too difficult to grasp and hold the soft tissue. 


Myofascial Stretch of the Brachioradialis 


At a right angle to the clients forearm, pick up the 
belly of the muscle and draw the tissue over your 
thumbs. Start close to the elbow joint, and work to- 
ward the wrist. Repeat. (See figure 11.4.) 


Parallel Thumbs on the Brachioradialis 


At a right angle to the clients forearm, pick up the 
tissue with a thumb-over-thumb technique, moving 
from the elbow to the wrist. (See figure 11.5.) 


Skin Rolling 


How loose the fascia is will determine how comfortable 
this technique will feel. Grasp a small amount of fascia 
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Elliptically moving the forearm muscles 


between the thumbs and forefingers. Roll it along in a 
strip. Obtain feedback from the client regarding com- 
fort levels. Repeat in a different section of tissue. On the 
forearm, it is best to pick up the tissue at a right angle 
to the tendons and go across the tendons with the skin 
rolling. This is an optional warm-up technique. 


Locate and Palpate the Forearm Tendons 


Locate the belly of the muscles and tendons to de- 
termine necessary technique requiremenis. Assess 


Myofascial stretch of ihe brachioradialis 
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FIGURE 11.5 Parallel thumbs on the brachioradialis 


hypertonicities, tenderness, and pain tolerance level 
at attachment sites. 


Compressive Effleurage 


Perform long strokes on the forearm. Hold the ulnar 
side of the clients hand. With your other hand, strad- 
dle the brachioradialis muscle in neutral. Mold your 
hand to the structure. Using your body weight and 
momentum, stroke from the distal end toward the 
elbow with a soft, compressive hand instead of hard 
hand pressure. Repeat several times. Switch hands to 
hold the clients hand on the radial side of the wrist. 
Straddle the forearm, and stroke the flexors and ex- 
tensors distal to proximal. Repeat several times. Do 
not underestimate the benefits of compressive ef- 
fleurage. (See figure 11.6.) 


Alternating Petrissage of the Forearm Muscles 


Slightly flex the clients elbow joint to help passively 
shorten the muscles. Petrissage the forearm muscles 
at a right angle to the tendons. Lift and separate the 
fibers. Relax your hands, and keep them in align- 
ment with your forearms. Grasp the tissue with only 
enough grip to hold the tissue. Relax your hands be- 
tween strokes. (See figure 11.7.) 


Broadening of the Forearm Muscles 


Broaden the brachioradialis, extensors, and flexors. 
For broadening the brachioradialis, place the clients 
forearm in a neutral position. Place your hands proxi- 
mal to the elbow joint, and begin lifting and spreading 


FIGURE 11.6  Compressive effleurage 


FIGURE 11.7  Alternating petrissage of the forearm muscles 


the brachioradialis with your thumbs and the thenar 
side of your palms. Move distally toward the wrist. 
Repeat. Reposition the forearm, and apply the same 
technique to the extensors and then to the flexors. 
(See figure 11.8.) 


Myofascial Humeral Twist 


Stand at the side of the table at the clients side. 
With your inferior hand, grasp the client's wrist and 
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Broadening of the forearm muscles 


flex the elbow joint. Passively move the arm into 
lateral rotation with the forearm flexed at a right 
angle. The arm should remain on the table next to 
the client. While moving the forearm toward the 
body, grasp the tissue above the medial epicondyle 
area with your superior hand and myofascially drag 
the tissue in a wringing fashion from medial to lat- 
eral. Repeat several times. This will help unwind the 
tissues going into the medial epicondyle region and 
can be used in the elbow and radioulnar techniques. 
(See figure 11.9.) 


Petrissage Elbow Joint Muscles with 
Distraction Movement 


With the clients elbow slighily flexed, lightly grasp the 
distal end of the triceps with one hand, and grasp the 
brachioradialis and forearm muscles with the other 
hand. Petrissage the triceps and the forearm muscles 
as you slightly flex and extend the elbow repeatedly. 
This stretches the soft tissues at the elbow joint as 
you massage the muscles. (See figure 11.10.) 


Myofascial humeral twist 


Peirissage elbow joint with distraction movement 


Friction and Vibration of Tendons 


Use circular friction and vibration on tendinous attach- 
ments and to the muscles and tendons. Intersperse the 
techniques liberally throughout your routine. 


Elliptically Move the Carpals and Metacarpals 


Grasp the clients wrist with your thumbs on the dor- 
sal side ofthe hand and fingers on the palm side; ellip- 
tically move the muscles of the hand as you move the 
wrist in an alternating sideways fashion (ulnar flexion 
and radial flexion). Locatie the carpals individually to 
slightly separate them with elliptical motion. Move to 
the carpometacarpal joints, and repeat the elliptical 
motion there. (See figure 11.11.) 


Elliptically moving the carpals and metacarpals 
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FIGURE 11.12 Short cross stroke to the antebrachial fascia 


Note: Perform regular hand massage. Work deep into 
the palm, and pin and stretch the palmar aponeurosis 
at the metacarpophalangeal joint. 


Locate Insertions of Flexor and Extensor Carpi 
Tendons in the Hand 


As part of your hand massage, locate the attachments 
of the flexor carpi tendons in the palm and on the 
dorsal side of the hand. Apply circular friction to the 
attachments. On the dorsal side of the hand, stroke 
between the metacarpals from distal to proximal. 


Short Strokes to the Antebrachial Fascia 
and Flexor Retinaculum 


The antebrachial fascia is virtually invisible and im- 
probable to palpate. Locate the antebrachial fascial 
area surrounding tendons on the anterior and pos- 
terior wrist, and apply a short cross stroke at a right 
angle to the tissues. (See figure 11.12.) Strip the tis- 
sue in opposing directions with your thumbs. (See 
figure 11.13.) Apply the same strokes to the flexor ret- 
inaculum. (See figure 11.14.) Caution: It is contrain- 
dicated to work over the flexor retinaculum in clients 
suffering from acute carpal tunnel syndrome. 


Strip the Forearm Tendons 


Passively shorten the clients wrist joint by placing 
the hand in slight flexion or extension, depending 
on which tendons and muscles you are stripping. 
Stari at the wrist, and strip toward the elbow joint. 
Figure 11.15 shows the flexor digitorum superficia- 
lis in supported slight flexion. Make sure you strip 


FIGURE 11.13  Thumb stripping to the antebrachial fascia 


FIGURE 11.14  Thumb stripping to the flexor retinaculum 


in the direction of the tendons. Repeat with other 
tendons. Be careful of the thumb muscles and ten- 
dons on the extensor side. They should be stripped 
individually. 


Flex, Extend, and Strip the Flexor Carpi Radialis 
and Flexor Carpi Ulnaris 


Passively shorten the clients wrist, and as you are 
stripping the tendon, stretch the wrist at the same 
time. Perform short strokes, and repeat several times, 


Stripping the îlexor digitorum 


moving the wrist as you stroke. (See figure 11.16.) 
The same process can be applied to the extensors of 
the wrist and to thumb muscles and tendons with ac- 
companying passive stretching. 


Treatment for Attachments at the Lateral 
and Medial Epicondyles 


Locate the lateral and medial epicondyles for the tendi- 
nous attachments. With your superior hand (thumb), 
apply deep transverse friction or circular friction as 
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Lateral attachments 


needed to the attachments; move the forearm from 
supine to prone while using your inferior hand at the 
wrist. This is a dual-hand distraction technique with 
passive movement. (See figures 11.17 and 11.18.) 


Broadening the Extensors with Active Engagement 


Prop the clients wrist and hand with a rolled towel. 
Broaden the extensors proximal to distal as the client 
shortens the fibers by actively extending the hand from 
flexion. Stop when the hand is fully extended, and 


Flexing, extending, and stripping the wrist flexors 


Medial attachments 
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Broadening with active engagement of the 
extensor muscles 


repeat the process. (See figure 11.19.) For the flexors, 
reverse the hand movement to extension to flexion as 
you broaden the flexors proximal to distal. 


Lengthen the Extensors with a Loose Fist 
and/or Thumbs 


Extensors and flexors can be lengihened with a loose 
fist or with the thumbs. Start distal at the wrist, and 
move proximal as the client stretches the tendons. 
For extensors, position the hand in extension and 
move toward flexion. Stop when the hand is in full 
flexion, and start over again. Repeat until you reach 
the elbow area. Watch the thumb muscles on the ex- 
tensor side. Reverse the process for the flexors. Start 
with the hand in full flexion, and strip distal to the 
medial epicondyle region, repeating the hand move- 
ment as necessary. (See figure 11.20 for lengthening 
extensors with a loose fist and figure 11.21 for length- 
ening extensors with thumbs.) Stripping and active 
lengthening can easily be applied to the extensor pol- 
licis muscles. 


Lengihening the extensors with a loose fisi 


Lengihening the extensors with thumbs 


Tapotement—Light Hacking 


Stimulate nerves with light hacking to the forearm 
muscles. Use only your fingers and not the ulnar 
side of your hand. Keep the strikes close together, 
and use your wrist for the action. Hacking can be 
accomplished by using one hand if the other hand 
“refuses” to work. It is applied in the direction of the 
fibers. (See figure 11.22.) 


Light hacking to the forearm muscles 


FIGURE 11.23  Flipping the hand 


Sample Range of Motion of Hand and Wrist 


Flipping the Hand Place your thumbs on the dorsal 
side of the clients wrist at the joint. Put your index 
fingers on the palm side of the hand. Gently extend 
and flex the hand at the wrist using thumbs and 
fingers alternately. (See figure 11.23.) 


a 


vw The hand and wrist are at the end of the upper-extremity 
kinetic chain. 

vw Thehand, wrist, and forearm are a compact package with 
muscles, tendons, bones, and nerves in close quarters. 

w Structure, positions of the hand, and repetitive actions 
are at fault for overuse syndromes and soft-tissue dys- 
functions. 

w Physical trauma also causes problems for the hand and 
wrist. 


Introduction 


Injuries and Overuse Syndromes 

w Fractures, dislocations, sprains, and strains are com- 
mon to the hand and wrist. 

w Lacerations in the hand and to tendons may require sur- 
gical tendon repair. 
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FIGURE 11.24  Ulnar and radial flexion shake 


Shake the Wrist Place the medial portion of your 
palms on either side of the clients wrist, with your 
fingers facing toward the forearm. Alternately shake 
the wrist laterally and back. (See figure 11.24.) 


Tendonitis, Tendonosis, and Tenosynovitis 

vw Tendonitis, tendonosis, and tenosynovitis are conditions 
caused by repetitive injuries. 

v Tendonitis is defined as inflammation of a tendon, which 
may develop a painful adhesion. 

v Tendonosis is described as a breakdown of collagen 
fibers, causing chronic pain and soreness. 

v Tenosynovitis is an inflammation of the tendon sheath 
surrounding tendons in specific areas. 


Other Soft-Tissue Issues 

vw A ganglion is a cyst usually located on the dorsal side of 
the wrist. 

v Dupuytren's contracture can permanenily cause flexion 
of the 4th and 5th fingers. 
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Nerve Complaints 

vw” Carpal tunnel syndrome has many causes. 

w The radial nerve, ulnar nerve, and median nerve can be 
entrapped by soft tissue or compressed by bony struc- 
tures and cause distal nerve sensations. 

w Sleep positions and posture can cause numbness and 
tingling in the hand and wrist and contribute to overall 
nerve innervation problems. 


Arthritis, Osteoarthritis, Degenerative Disk Disease, 
and Cervical Subluxations 


w/ Arthritis, osteoarihritis, degenerative disk disease, and 
cervical subluxations can contribute to nerve complaints. 


Unwinding the Forearm Muscles 


w Shoulder girdle muscles contribute to compensatory 
soft-tissue discomforts. 


True or False 


Write true or false after each statement. 

1. All repetitive action problems at the lateral epi- 
condyle result in tendonitis. 

2. A subluxation is an actual dislocation of a 
vertebra. 

3. Stripping is a technique that therapists can use 
right after effleurage to the whole extremity. 

4. Carpal tunnel syndrome symptoms can be 
caused by soft-tissue entrapment outside the 
carpal tunnel. 

5. Osteoarthritis has no cure. 

6. The flexors digitorum superficialis and digitorum 
profundus share a tendon sheath. 

7. Most extensors of the hand and wrist originate 
on or near the lateral epicondyle. 

8. The hamate carpal can depress the carpal tunnel. 

9. Collagen fibers are made up of mostly protein and 
make up the white fibers of connective tissue. 

10. Elliptical movement is a good technique to start 
with on the forearm, as it is deep but at the same 
time does not hurt the client. 


Short Answers 


Write your answers on the lines provided. 
1. Provide definitions for tendonitis and tendonosis. 


w Work on the uninvolved upper extremity first. 

w Follow a dimensional approach, and critically think about 
the involved joints and kinetic chain. 

vw Always use treatment protocols to determine the se- 
quence of a therapeutic session. 


Dimensional Massage Therapy for the Hand and 

Wrist Muscles 

w The massage therapists purpose is to reduce hyperto- 
nicities, lengthen fibers, separate tissues, reduce sore- 
ness and pain levels, increase flexibility, and increase 
restricted movements. 

vw Approach techniques methodically, unwinding soft tis- 
sue superficially to deep. 


2. What muscles might be involved in conditions of 
the lateral epicondyle area? 


3. What muscles might be involved in conditions of 
the medial epicondyle area? 


4. Why is it important to keep the hands in align- 
ment with the forearms when completing tech- 
niques in massage? 


5. Why are the hand and wrist prone to injury? 
What physical attributes contribute to injury in 
this area? 
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Multiple Choice 


Circle the correct answers. 


„. Where are tendon sheaths located? 


1. A spuris: 


. Describe what happens in Dupuytren's 


contracture. 


. What is the difference between a sprain and a 


strain? 


. What is an adhesion? 


10. 


Why is it important to work on the shoulder 
girdle muscles first? 


iile 


What questions would a therapist ask of an 
individual who is complaining of numbness and 
tingling in the hand and/or wrist? 


il? 


Why would a therapist work on the arm muscles 
and elbow joint before working on the forearm 
muscles? 


a. something you put on your boot if you are a 
cowboy 


b. an osteoarthritic bony growth on the side of 
the vertebra 


c. a thorn 
d. part ofa nerve 


„ Degenerative disk disease: 


a. can be responsible for distal nerve complaints 
b. is not something to ever worry about 

c. goes away very easily 

d. can be easily fixed 


. Possible causes of carpal tunnel syndrome include: 


a. fluid retention in pregnancy, repetitive ac- 
tions, and compression of the ulnar nerve 


b. extreme wrist positions, sleep postures, and 
normal activity 


c. fluid retention in pregnancy, extreme wrist po- 
sitions, sleep postures, and repetitive actions 


d. none of the above 


. Inflammation of a tendon sheath is described as: 


a. tenosynovitis 

b. carpal tunnel syndrome 
c. tendonosis 

d. tendonitis 


. If a client constantly pronates the forearm, what 


nerve especially could be entrapped by the re- 
petitive action? 

a. ulnar nerve 

b. median nerve 

c. radial nerve 

d. none of the above 


„ Some of the muscles involved in lateral epicon- 


dyle problems include: 
a. flexor carpi ulnaris, extensor carpi ulnaris, 
and flexor pollicis longus 


b. extensor carpi radialis longus and brevis, 
triceps, and extensor digitorum 


c. pronator teres 
d. none of the above 


. Treatment protocol for working on extensors of 


the forearm should include: 


a. only working on the forearm muscles 
b. working on the uninjured arm first 

c. working on the lower extremity first 
d. 


stripping forearm muscles and tendons first 
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8. Working directly on the flexor retinaculum when 
a client has carpal tunnel syndrome: 
a. is an accepted procedure 
b. is contraindicated 
c. should be done in a passively shortened manner 
d. should lengthen fibers 

9. The muscles that work together to accomplish 
ulnar flexion are: 
a flexor carpi ulnaris and extensor carpi ulnaris 


b. flexor pollicis longus and abductor pollicis 
longus 


10. 


c. flexor carpi radialis and flexor carpi ulnaris 
d. none of the above 
If a client presents with an undiagnosed condi- 


tion and has numbness and tingling with passive 
flexion of the upper extremity, you would: 


a. massage the client and make repeated 
appointments 
b. massage the other extremity only 


c. discuss treatment possibilities and make an 
appropriate referral 


d. do nothing 


1. Locate the bony landmarks of the hand and 
wrist on a partner. 


2. Locate the origins and insertions of the hand 
and wrist joint muscles on a partner. 


3. Demonstrate how to passively shorten the flexors 
and extensors of the hand and wrist. 


4. Demonstrate passive range of motion of the 
hand and wrist with a partner. 


5. Demonstrate active range of motion of the hand 
and wrist with a partner. 


6. Demonstrate passive range of motion of the 
thumb with a partner. 


7. Demonstrate active range of motion of the 
thumb with a partner. 


8. Locate the carpal tunnel on an individual. Locate 
all the muscles that go through the carpal tunnel. 


10. 


Îl 


il, 


. In a clients medical history, you find that his 


current signs and symptoms are consistent 
with those he experienced when he fell from a 
horse 3 years ago. The client indicates that his 
hand goes to sleep as he holds a phone. What 
questions would you ask, and what simple tests 
might you perform? If the client had numb- 
ness with passive flexion of the upper extremity, 
would you refer him to a medical practitioner? 


Demonstrate some principles of safe body me- 
chanics while performing massage techniques. 


Demonstrate warm-up techniques without 
lubrication. 


Practice deep-tissue techniques individually and 
in a sequence on a partner. 


Concepts of Muscular Analysis and 
Clinical Flexibility of the Upper Extremities 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 
12-1 Analyze sports skills in terms of phases and 


KEY 
TERMS 


the various joint movements occurring in 
those phases. 


12-2 Compare various conditioning principles and 


apply them to strengthening major muscle 
groups. 


12-3  Demonstrate specific clinical flexibility and 


strengthening exercises for the upper extremity. 


12-4 Explain the concept of an open versus closed 


kinetic chain. 


Breathing Kinetic chain 


Closed kinetic chain Movement phase 


Follow-through phase Open kinetic chain 


Introduction 


The upper extremity is capable of a wide range 
of dynamic movements. Natural, pain-free move- 
ment is critical for sports activities and daily 
living. Flexibility and strength in the upper ex- 
tremity are essential for improved appearance 
and posture, as well as for more efficient skill 
performance. Unfortunately, the upper extremity 
is often one of the body's weaker areas because 
of the number of muscles involved. In addition, 
atrophy and muscle tightness in the neck and 


Overload principle 
Periodization 


Preparatory phase 


12-5 Recognize the actions of individual muscles 


that produce certain joint movements. 


12-6 Describe specific exercises that increase the 


strength of individual muscle groups. 


12-7 Discuss the concepis of analyzing and 


prescribing exercises to strengthen major 
muscle groups. 


Recovery phase Specificity 


SAID (specific 
adaptations to 
imposed demands) 


Stance phase 


shoulder create imbalance that the lower extrem- 
ity adapis to. Daily activities become painful be- 
cause movement is deficient. Specific stretching 
and resistance exercises for conditions in this 
area can help keep natural movement optimal 
and assist in abating injury. If the therapist or 
trainer is qualified, she can teach individuals sim- 
ple, yet specific, exercises that isolate groups of 
muscles and that ultimately can help those indi- 
viduals maintain a better quality of life. Some of 
these simple, introductory exercises are included 
in this chapter. 
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The early analysis of human movement makes 
the study of structural kinesiology more mean- 
ingful, as students come to better understand the 
importance of individual muscles as they act on 
joints. Chapter 13 contains analyses of exercises 


for the entire body, with emphasis on the trunk and 
lower extremity. Contrary to what most beginning 
studenis in structural kinesiology believe, muscu- 
lar analysis of activities is not difficult once the ba- 
sic concepts are understood. 


Upper-Extremity Activities 


Children seem to have an innate desire to climb, 
swing, and hang. Such movements use the muscles 
of the hands, wrists, elbows, and shoulder joints. But 
the opportunity to continue to perform these types 
of activities is limited in our modern culture. Unless 
physical education teachers in elementary schools, 
for both boys and girls, emphasize development of 
this area of the body, it will continue to be muscu- 
larly the weakest area; moreover, continued mainte- 
nance of this area in adults should be reinforced in 
the health care field. Often, individuals reach a point 
in their lives when suddenly ii hurts to do the things 
they love doing; this is a reduction in their quality of 
life. Weakness in the upper extremity can impair skill 
development and performance in many common, en- 
joyable recreational activities, such as golf, tennis, 
softball, and racquetball. However, people may con- 
tinue to enjoy these and other activities if they learn 
how to increase the strengih of this part of the body; 
therefore, adequate skill development built on an ap- 
propriate base of muscular strength and endurance is 
essential for enjoyment and prevention of injury. 

American culture often is persuaded to learn typi- 
cal strengthening exercises in a fitness club, with cos- 
metic focus on the larger, streamlined muscles, such 
as the pectoralis and biceps. Exercises for these mus- 
cles might include the bench press, overhead press, 
and biceps curl. While these exercises are beneficial, 
they concentrate primarily on the larger muscles of 
the anterior upper extremity. This can lead to over- 
development with respect to the posterior, antigrav- 
ity muscles. As a result, individuals may become 
strong and tight anteriorly and weak and flexible 
posteriorly. It also leads to posture dysfunctions, 
with the anterior chest collapsed and the posterior 
upper back rounded. For many weekend athletes, ii 
is this overdevelopment in the large muscles and at- 
rophy in the smaller intrinsic muscles that causes so 
many injuries. Thus, clinicians must be able to ana- 
lyze specific strengthening and stretching exercises 
and subsequently determine the muscles involved so 
that overall muscular balance is addressed through 
appropriate exercise routines. In addition, individu- 
als must always be educated on what they can do on 
their own to improve their quality of life. 
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Concepts for Analysis 


In analyzing activities, it is important to understand 
that muscles are usually grouped according to their 
concentric (shortening contraction of muscle fibers) 
function and that they work in paired opposition to 
an antagonistic group. One example of an aggregate 
muscle group performing a given joint action is seen 
when all the elbow flexors work together to curl a 
dumbbell. In this example, the elbow flexors (biceps 
brachii, brachialis, and brachioradialis) are concentri- 
cally contracting as an agonist group to achieve flex- 
ion. As they flex the elbow, each muscle contributes 
significanily to the task, depending on the position of 
the hand. The muscles are working in opposition to 
their antagonists, the triceps brachii and anconeus. 
The triceps brachii and anconeus both work together 
as an aggregate muscle group to cause elbow exten- 
sion, but in this example they are cooperating to allow 
the flexors to perform their task, elbow flexion. An 
often-confusing aspect of muscle contraction is that 
muscle groups can function to control the exact oppo- 
site actions by contracting eccentrically (engthening of 
muscle fibers). During the return phase of a dumbbell 
curl (eccentric contraction of the biceps brachii from 
flexion), the triceps begins the movement and then acts 
as a stabilizer as the elbow moves into extension. Yet 
elbow extension is controlled by the flexors. Contrary 
to what some students believe, this eccentric move- 
ment (elbow extension) is not driven by the triceps. 

Exercise professionals should be able to view an 
activity and not only determine which muscles are 
performing the movement but also know which type 
of contraction is occurring and what exercises are ap- 
propriate for developing the muscles. Chapter 2 pro- 
vides a review of how muscles contract to work in 
groups that function in joint movement. 


Analysis of Movement 


Analyzing human movement is an important component 
to helping individuals improve dysfunction. In addition 
to sports activities, normal daily movements also can 
be analyzed. In analyzing various exercises and sports 
skills, it is essential to break down all the movements 
into phases. The number of phases, usually three to five, 
varies depending on the skill. Practically all sports skills 
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have at least a preparatory phase, a movement phase, 
and a follow-through phase. Many also begin with a 
stance phase and end with a recovery phase. The names 
of the phases vary from skill to skill to fit in with the ter- 
minology used in various sports; they also may vary de- 
pending on which body part is involved. In some cases, 
these major phases may be divided further, as with base- 
ball, where the preparatory phase for the pitching arm 
is divided into early cocking and late cocking. 

The stance phase allows the athlete to assume a 
comfortable and appropriately balanced body position 
from which to initiate the sport skill. The emphasis is 
on setting the various joint angles in the correct posi- 
tions with respect to one another and to the sport sur- 
face. Generally, with respect to the subsequent phases, 
the stance phase is a relatively static phase with fairly 
short ranges of motion involved. Due to the minimal 
amount of movement in this phase, the majority of the 
joint position maintenance throughout the body will 
be accomplished through isometric contractions. 

The preparatory phase, often referred to as the 
cocking or wind-up phase, is used to lengthen the ap- 
propriate muscles so that they will be in position to 
generate more force and momentum as they concen- 
trically contract in the next phase. It is the most criti- 
cal phase in leading toward the desired result of the 
activity, and it becomes more dynamic as the need 
for explosiveness increases. Generally, to lengihen the 
muscles needed in the next phase, concentric contrac- 
tions occur in their antagonist muscles in this phase. 

The movement phase, sometimes known as the ac- 
celeration, action, motion, or contact phase, is the action 
part of the skill. It is the phase in which the summation 
of force is generated directly to the ball, sport object, 
or opponent, and ii is usually characterized by near- 
maximal concentric activity in the involved muscles. 

The follow-through phase begins immediately after 
the climax of the movement phase, in order to bring 
about negative acceleration of the involved limb or body 
segmeni. In this phase, often referred to as the decel- 
eration phase, the velocity of the body segment progres- 
sively decreases, usually over a wide range of motion. 
The velocity decrease is usually attributed to high ec- 
centric activity in the muscles that were antagonistic 
to the muscles used in the movement phase. Generally, 
the greater the acceleration in the movement phase, the 
greater the length and the importance of the follow- 
through phase. Occasionally, some athletes may begin 
the follow-through phase too soon, thereby cutting short 
the movement phase and having a less-than-desirable 
result in the activity. 

The recovery phase is used after follow-through 
to regain balance and positioning so that the muscles 
can be ready for the next sport demand. To a degree, 
the muscles used eccentrically in the follow-through 
phase to decelerate the body or the body segment will 


FIGURE 12.1 


Pitcher throwing baseball 


be used concentrically in recovery to bring about the 
initial return to a functional position. 

Skill analysis can be demonstrated with the example 
of a baseball pitch (figure 12.1). The stance phase be- 
gins when the player assumes a position with the ball in 
the glove before receiving the signal from the catcher. 
The pitcher begins the preparatory phase by extend- 
ing the throwing arm posteriorly and rotating the 
trunk to the right in conjunction with left-hip flexion. 
The right shoulder girdle is fully retracted in combina- 
tion with abduction and maximum external rotation 
of the glenohumeral joint to complete this phase. Im- 
mediately following, the movement phase begins with 
forward movement of the arm and continues until ball 
release. Ai ball release, the follow-through phase be- 
gins as the arm continues moving in the same direction 
established by the movement phase until the velocity 
decreases to the point that the arm can safely change 
movement direction. This deceleration of the body, and 
especially the arm, is accomplished by high amounts 
of eccentric activity. At this point, the recovery phase 
begins, enabling the player to reposition to field the 
batted ball. In this example, reference has been made 
briefly only to the throwing arm, but there are many 
similarities in other overhand sports skills, such as the 
tennis serve, javelin throw, and volleyball serve. In ac- 
tual practice, the movements of each joint in the body 
should be analyzed in the various phases. 


The Kinetic Chain Concept 


As discussed earlier, the extremities consist of several 
bony segments linked by a series of joints. These bony 
segments and their linkage system of joints may be 
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likened to a chain. Just as with a chain, any one link 
in the extremity may be moved individually without 
significantly affecting the other links if the chain is 
open or not attached at one end. However, if the chain 
is securely attached or closed, substantial movement 
of any one link cannot occur without substantial 
and subsequent movement of the other links. This is 
known as a kinetic chain. 

In the body, an extremity may be seen as repre- 
senting an open kinetic chain if the distal end of the 
extremity is not fixed to any surface. This arrange- 
ment allows any one joint in the extremity to move 
or function separately without necessitating move- 
ment of other joints in the extremity. Examples in the 
upper extremity of such single-joint exercises are a 
shoulder shrug, deltoid raise (shoulder abduction), or 
biceps curl. Lower-extremity examples include seated 
hip flexion, knee extension, and ankle dorsiflexion 
exercises. In all of these examples, the core of the 
body and the proximal segment are stabilized while 
the distal segment is free to move in space through 
a single plane. These types of exercises are known as 
joint-isolation exercises and are beneficial in isolating 
a particular joint to concentrate on specific muscle 
groups; however, they are not very functional in that 
most physical activity, particularly with the lower 


TABLE 12.1 


extremity, requires multiple-joint activity involving 
numerous muscle groups simultaneously. Further- 
more, since the joint is stable proximally and loaded 
distally, shear forces are acting on the joint with po- 
tential negative consequences. 

If the distal end of the extremity is fixed, as in a 
push-up, dip, squat, or dead lift, the extremity repre- 
sents a closed kinetic chain. In this closed system, 
movement of one joint cannot occur without causing 
predictable movements of the other joints in the ex- 
tremity. Closed-chain activities are very functional and 
involve the body moving in relation to the relatively 
fixed distal segment. The advantage of these multiple- 
joint exercises is that several joints are involved, and 
numerous muscle groups must participate in caus- 
ing and controlling the multiple-plane movements, 
which strongly correlate to most physical activities. 
Additionally, the joint is more stable due to the joint 
compressive forces from weight bearing. 

To state the differences another way, open-chain 
exercises involve the extremity being moved to or 
from the stabilized body, whereas closed-chain exer- 
cises involve the body being moved to or from the sta- 
bilized extremity. Table 12.1 provides a comparison 
of variables that differ with open- versus closed-chain 
exercises, and figure 12.2 provides examples of each. 


Differences between Open- and Closed-Chain Exercises 


Variable Open-chain exercise 


Closed-chain exercise 


Distal end of extremity 
Movement pattern 


Joint movements Occur in isolation 


Muscle recruitment 


Joint axis Stable during movement patterns 
Movement plane Usually single 

Proximal segment of joint Stable 

Distal segment of joint Mobile 


Motion occurs 


Free in space and not fixed 


Characterized by rotary stress in 
the joint (often nonfunctional) 


Isolated (minimal muscular co-contraction) 


Distal to instantaneous axis of rotation 


Fixed to something 
Characterized by linear 

stress in the joint (functional) 
Multiple occur simultaneously 


Multiple (significant muscular 
co-contraciion) 

Primarily transverse 

Multiple (iriplanar) 

Mobile 

Mobile, except for most distal 
aspect 


Proximal and distal to instan- 
taneous axis of rotation 


Functionality Often nonfunctional, especially lower extremity Functional 

Joint forces Shear Compressive 

Joint stability Decreased due to shear and distractive forces increased due to compressive 
forces 

Stabilization Artificial Not artificial, realistic and 
functional 

Loading Artificial Physiological, provides for 


normal proprioceptive and 
kinesthetic feedback 
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FIGURE 12.2  Open-and closed-chain exercises 


Not every exercise or activity can be classified to- 
tally as either an open- or closed-chain exercise. For 
example, walking and running are both open and 
closed due to their swing and stance phases, respec- 
tively. Another case is bicycle riding, which is mixed 
in that the pelvis on the seat is the most stable seg- 
ment but the feet are attached to movable pedals. 

Consideration of the open versus closed kinetic 
chain is important in determining both the mus- 
cles and their types of contractions when analyzing 
sporis activities. Realizing the relative differences 
in demands on the musculoskeletal system through 
detailed analyses of skilled movements is critical 
for determining the most appropriate condition- 
ing exercises to improve performance. Generally, 
closed kinetic chain exercises are more functional 
and applicable to the demands of sports and physi- 
cal activities. Most sports involve closed-chain ac- 
tivities in the lower extremities and open-chain 
activities in the upper extremities; however, there 
are many exceptions, and closed-chain condition- 
ing exercises may be beneficial for extremities pri- 
marily involved in open-chain sporting activities. 
Open-chain exercises are useful in concentrating 
on the development of a specific muscle group at a 
single joint. 


Conditioning Considerations 
OVERLOAD PRINCIPLE 


A basic physiologic principle of exercise is the over- 
load principle. It states that, within appropriate 
parameters, a muscle or muscle group increases in 
strength in direct proportion to the overload placed 


on it. While it is beyond the scope of this text to fully 
explain specific applications of the overload principle 
for each component of physical fitness, some general 
concepis are mentioned. To improve the strength and 
functioning of major muscles, this principle should 
be applied to every large muscle group in the body, 
progressively throughout each year, at all age levels. 
In actual practice, the amount of overload applied 
varies significantly depending on several factors. For 
example, an untrained person beginning a strength- 
training program will usually make significant gains in 
the amount of weight she is able to Lift in the first few 
weeks of the exercise program. Most of this increased 
ability is due to a refinement of neuromuscular func- 
tion, rather than an actual increase in muscle-tissue 
strength. Similarly, a well-trained person will see rela- 
tively minor improvements in the amount of weight 
that can be lifted over a much longer period of time. 
Therefore, the amount and rate of progressive over- 
load are extremely variable and must be adjusted to 
match the specific needs of the individuals exercise 
objectives. 

Overload may be modified by changing any one or 
a combination of three exercise variables—frequency, 
intensity, and duration. Frequency is usually the num- 
ber of times per week. Intensity is usually a certain 
percentage of the absolute maximum, and duration 
is usually the number of minutes per exercise bout. 
Ways to modify these variables and apply the overload 
principle include increasing the speed of doing the ex- 
ercise, the number of repetitions, the weight, and the 
length of exercise bouts. All of these factors are impor- 
tant in determining the total exercise volume. 

Overload is not always progressively increased. In 
certain periods of conditioning, the overload should 
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actually be prescriptively reduced to improve the 
total results of the entire program. This intentional 
variance in a training program at regular intervals is 
known as periodization, and it is done to bring about 
optimal gains in physical performance. One reason 
for periodization is so that the athlete will be at her 
peak level during the most competitive part of the 
season. To achieve this, a number of variables may be 
manipulated, including the number of sets per exer- 
cise, number of repetitions per set, types of exercises, 
number of exercises per training session, rest periods 
between sets and exercises, resistance used for a set, 
type of muscle contraction, and number of training 
sessions per day and per week. 


SAID PRINCIPLE 


The specific adaptations to imposed demands 
(SAID) principle should be considered in all aspects 
of physiologic conditioning and training. This prin- 
ciple, which states that the body will gradually, over 
time, adapt very specifically to the various stresses 
and overloads to which it is subjected, is applicable in 
every form of muscle training, as well as to the other 
systems of the body. For example, if an individual 
were to undergo several weeks of strength-training 
exercises for a particular joint through a limited 
range of motion, the specific muscles involved in per- 
forming the strengthening exercises would improve 
primarily in the ability to move against increased re- 
sistance through the specific range of motion used. 
There would be, in most cases, minimal strength 
gains beyond the range of motion used in the training. 
Additionally, other components of physical fitness— 
such as flexibility, cardiorespiratory endurance, and 
muscular endurance—would be enhanced minimally, 
if at all. In other words, to achieve specific benefits, 
exercise programs must be specifically designed for 
the adaptation desired. 

It should be recognized that adaptation may be 
positive or negative, depending on whether the cor- 
rect techniques are used and stressed in the design 
and administration of the conditioning program. In- 
appropriate or excessive demands placed on the body 
in too short a time span can result in injury. If the 
demands are too minimal or administered too infre- 
quently over too long a time period, less-than-desired 
improvement will occur. Conditioning programs and 
the exercises included in them should be analyzed to 
determine whether they are using the specific muscles 
for which they were intended in the correct manner. 


SPECIFICITY 


Specificity is a concentrated approach in a specific 
area of focus. The components of physical fitness— 


such as muscular strengih, muscular endurance, 
and flexibility—are not general body characteris- 
tics. They are specific to each body area and muscle 
group; therefore, an individual's specific needs must 
be addressed when the therapist is designing an exer- 
cise program. This includes muscular flexibility and 
strength. Quite often, it will be necessary to analyze 
an individuals exercise and skill technique, as well 
as potential exercises, to design an appropriate pro- 
gram. The goals of the exercise program should be 
determined on the basis of specific areas of the body, 
preferred time to physically peak, and physical fit- 
ness needs, such as strength, muscular endurance, 
flexibility, cardiorespiratory endurance, and body 
composition. After establishing goals, a regimen in- 
corporating the overload variables of frequency, in- 
tensity, and duration may be prescribed to include 
the entire body or specific areas in a manner that ad- 
dresses the improvement of the preferred physical fit- 
ness components. Regular observation and follow-up 
exercise analysis is necessary to ensure proper adher- 
ence to correct technique. 


MUSCULAR DEVELOPMENT 


For years it was thought that a person developed ad- 
equate muscular strengih, endurance, and flexibility 
through participation in sports activities. While there 
is a well-adapted philosophy in athletics that one 
needs to develop muscular strengih, endurance, and 
flexibility in order to participate safely and effectively 
in sports activities, there is a deficit of knowledge 
among the general public regarding maintenance 
for daily movements. Simple activities such as get- 
ting out of a chair, lifting a child, or doing household 
chores all require the same muscle groups as those 
used in sports; however, because some individuals 
are not athletic, maintaining proper strength and 
flexibility rarely comes to mind. Unlike a training 
program for a serious athlete, conditioning for daily 
living is simple and does not require membership in 
a fitness club. 

Adequate muscular strength, endurance, and flex- 
ibility of the entire body should be developed through 
the correct use of the appropriate exercise principles. 
The individuals responsible for this development 
need to prescribe specific exercises that will meet 
these objectives. 

In schools, this development should start at 
an early age and continue throughout the forma- 
tive years. Sit-ups, the standing long jump, the 
mile run, and other tests all indicate fitness de- 
ficiencies among children in the United States. 
Adegquate muscular strength and endurance are im- 
portant in the adult years for daily living, as well 
as for job-related requirements and recreational 
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activities. Ergonomic backpacks should be manda- 
tory, as heavy and overloaded packs cause postural 
changes in young children. Many back prob- 
lems and other physical ailments can be avoided 
completely through proper maintenance of the 
musculoskeletal system. 


THE IMPORTANCE OF BREATHING 


Many people do not know how to breathe properly 
when they perform simple resistance exercises. 
Breathing is often shallow and/or limited, and some 
people even hold air in the lungs. It is not uncom- 
mon to see recent stroke patients holding their 
breath during exercise. Indeed, many people in 
the Western world in particular often have breath- 
ing deficits, even during regular breathing at rest. 
Proper breathing, however, has many benefits, and 
it is important for exercise and health. The “art” of 
proper breathing has a long history; the ancients be- 
lieved that breathing powered the energy that is the 
“life force,” and in many cultures this philosophy is 
paramount to living a healthy life. Yoga enthusiasts 
understand the great importance of breathing tech- 
niques; every yoga posture has a specific breathing 
pattern. In martial arts, proper breathing is vital for 
delivering effective techniques and for preventing 
injury. 

Every clinician should reinforce the importance 
of proper breathing during exercise. Stroke patients, 
especially, must be monitored during treatment, 
as holding the breath is extremely dangerous dur- 
ing stroke recovery. During exertion, all air should 
be exhaled. Inhalation occurs during the rest or 
preparatory phase. While there are many breath- 
ing techniques, air should be expelled by contract- 
ing the stomach muscles, in effect sucking the navel 
in. The individual should visualize the air moving 
from the navel in toward the spine and then up and 
out through the open mouth. Ideally, inhalation 
should pass through the nasal passages, and the air 
should be visualized as moving in and up through 
the diaphragm. 

A common bad habit for many athletes or weight 
lifters is bearing down by holding the breath when 
attempting to lift something heavy. This bearing 
down, known as the Valsalva maneuver, is accom- 
plished by trying to exhale against a closed epiglot- 
tis (the flap of cartilage behind the tongue that shuts 
the air passage when swallowing) and is thought by 
many to enhance one's lifting ability. The maneu- 
ver is mentioned here to caution against its use 
due to the dramatic increase in blood pressure fol- 
lowed by the equally dramatic drop in blood pres- 
sure ii causes. Using the Valsalva maneuver can 
cause lightheadedness and fainting and can lead to 


complications in people with heart disease. Instead 
of using the Valsalva maneuver, one should use 
rhythmic and consistent breathing. 


Analysis of Clinical Flexibility 
and Therapeutic Exercise of the 
Upper Extremity 


As discussed in Chapter 4, Clinical Flexibility and 
Therapeutic Exercise movements can be used in a 
clinical setting for increasing the range of motion 
in specific muscles. Presented over the next several 
pages are some of these movements. Following the 
stretches, strengthening is shown for the muscle 
group that was stretched (antagonists) so that stu- 
denis can understand functional anatomy better. 
Please see the tables after each resistance exercise to 
better understand agonist, joint, and muscle action. 
The client should exhale deeply on the work phase 
and inhale on the relaxation phase for all of these 
movements. Generally, 10 repetitions and 2 to 3 sets 
are performed for these exercises. Please review the 
components of Active Isolated Stretching in Chapter 4 
before proceeding. 


FLEXIBILITY ANALYSIS: HORIZONTIAL 
FLEXION (ADDUCTION) 


Stretching the Rhomboid Major, Rhomboid Minor, 
and External Rotators 


This exercise lengthens the antigravity muscles of 
the upper shoulder, muscles that often hold ten- 
sion. These muscles have an enormous responsi- 
bility in that they must keep the scapula retracted 
(shoulders back) against gravity. This stretch helps 
provide oxygen to this area, as it lengthens muscle 
fibers gently. Although the movement can be done 
sitting or standing, sitting on a balance ball is rec- 
ommended because it helps encourage core pos- 
ture muscles to contract. Beginning with arms at 
the sides (figure 12.3), lift one arm, elbow extended, 
across the midline (horizontal adduction) to the 
opposite shoulder contracting the agonist muscles 
listed below. Using the other hand, apply a genitle 
2-second stretch just above the elbow. Return to 
the starting position each time, and perform 8 to 
10 repetitions (figure 12.4). Be sure that the elbow 
remains extended. The shoulder should remain re- 
laxed with no contraction of the upper trapezius 
(shoulder shrug), and the torso should not rotate 
as the arm is brought into horizontal adduction. 
Contraindications:  Arthroplasty clients should 
avoid this movement. (Muscles contracted: pectora- 
lis major, anterior deltoid, and coracobrachialis.) 
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Horizontal adduction start 


STRENGTHENING ANALYSIS: 
SCAPULAR ADDUCTION 


Strengthening the Rhomboid Major, Rhomboid 
Minor, Trapezius, and Middle and Posterior Deltoid 


This is an important exercise to help strengthen the 
antigravity muscles of the scapular region, as it iso- 
lates the rhomboid major and makes it work against 
gravity. Like many of the smaller muscles in the body, 
the rhomboid major is often overlooked in strength 
routines because it is not isolated enough for strength- 
ening. Performing this exercise will help kyphotic 


Horizontal adduction finish 


Scapular adduction start 


postures and chronic cervical stiffness and pain and 
will improve overall movement of scapular adduction. 
It should be included in any weight-training program, 
especially if the pectoralis major is worked in mul- 
tiple sets. Anyone involved in bodywork that entails 
pushing and pulling would do well to perform this 
exercise a few times each week. This exercise is best 
performed on a therapy table or bench, but a balance 
ball also can be used. In a prone position, drop the 
head to relax the upper trapezius, and maintain the 
elbow at a 95- to 100-degree angle (figure 12.5). The 
wrists should be flexed while clasping the dumbbells. 
Beginning in the lower position, start the move- 
ment at the scapulae, squeezing them together while 
bringing the elbows toward the ceiling (figure 12.6). 
Gently hold for 2 to 3 seconds, and then slowly lower 
the dumbbells back to the start position. The elbows 
and wrists should remain in their rounded position 
throughout the exercise, and the head should stay 


Scapular adduction finish 
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TABLE 12.2  Scapular (Shoulder Girdle) Adduction—Agonist, Joint, and Muscle Action 


Lifting Phase 


Lowering Phase 


Joint Action Agonists 


Action Agonists 


Wrist and hand* Remain in flexion 


(isometric) 


Elbow* Remains in flexion Biceps brachii, brachialis, 
(isometric) brachioradialis 
Shoulder Horizontal abduction, Rhomboid major, 


extension (humeral) 


Shoulder girdle Adduction 


Wrist and hand flexors, 

îlexor carpi radialis, flexor 
carpi ulnaris, palmaris longus, 
flexor digitorum profundus, 
flexor digitorum superficiali, 
flexor pollicis longus 


posterior deltoid, 
latissimus, teres major 


Rhomboid major, trapezius 


Remain in flexion 
(isometric) 


Flexor carpi radialis, 
flexor carpi ulnaris, 
palmaris longus, flexor 
digitorum profundus, 
flexor digitorum super- 
ficialis, flexor pollicis 
longus 

Biceps brachii, 
brachialis, brachiora- 
dialis 

Pectoralis major, 


Remains in flexion 
(isometric) 


Abduction, slight 


flexion pectoralis minor, 
anterior deltoid 
Abduction Serratus anterior, 


pectoralis minor 


* The wrist, hand, and elbow muscles remain in an isometric contraction throughout the movement. 


down to prevent the upper trapezius from engaging. 
(See table 12.2.) Perform 3 sets of 10 repetitions. 
Contraindications: This exercise is safe with controlled 
movements. 


FLEXIBILITY ANALYSIS: 
HYPEREXTENSION 


Stretching the Biceps Brachii, Anterior Deltoid, 
Anterior Serratus, and Lower Pectoralis Major 


This movement stretches the anterior capsule of the 
shoulder, especially the biceps brachii. It is a neces- 
sary stretch to help adhesive capsulitis and bicipital 
tendonitis. The proximal portion of the long head of 
the biceps is frequently weak and undertrained, and 
this area lacks proper blood flow; poor habits such 
as sleeping on an inflamed shoulder only exacer- 
bate the condition. Specific, active stretching of this 
area with a full range of shoulder joint movement 
is a powerful way to help improve shoulder func- 
tion. Begin with the arms at the side, and contract 
the posterior shoulder muscles to reach into hyper- 
extension (figure 12.7). Lean forward and stretch 
gently for 2 seconds at the end movement (fig- 
ure 12.8). By returning to the start position for each 
repetition, full range of motion in the shoulder joint 
provides blood and oxygen into the anterior capsule. 
Contraindications: Use caution for anterior-capsule 
conditions. (Muscles contracted: triceps brachii and 
posterior deltoid.) 


STRENGTHENING ANALYSIS: 
THUMBS-UP FLEXION 


Strengthening the Anterior Deltoid and the 
Clavicular Head of the Pectoralis Major 


This exercise helps strengthen the anterior capsule of 
the shoulder. It should be performed with any upper- 
extremity routine, as it targets the underworked and 


FIGURE 12.7  Shoulder hyperextension start 
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FIGURE 12.8  Shoulder hyperextension finish 


ofien-weak smaller muscles. It also can help keep 
the long head of the biceps stabilized in the bicipi- 
tal groove. Begin with the arms at the sides holding 
dumbbells (figure 12.9). Lift the arms, thumbs up, 
into flexion to shoulder level; pause and slowly re- 
turn to the start position (figure 12.10). As in any re- 
sistance exercises, the returning movement is most 
important, as it challenges the muscles eccentrically. 


FIGURE 12.9 Arms at side 


This return phase should always be slow and con- 
trolled; counting slowly while lowering the weight 
will help decelerate the movement. (See table 12.3.) 
Contraindications: This exercise is safe with con- 
trolled movement. 


TABLE 12.3  Thumbs-Up Flexion—Agonist, Joint, and Muscle Action 


Lifting Phase 


Lowering Phase 


Joint Action Agonists Action Agonists 
Wrist and hand* Hand: îlexion Wrist and hand flexors, Hand: flexion Flexor carpi radialis, 
(isometric îlexor carpi radialis, flexor (isometric îlexor carpi ulnaris, 


contraction of 


W/rist: neutral 


Elbow* Extension Triceps brachii 
(isometric) 
Shoulder Flexion Anterior deltoid, 
(concentric) clavicular head of 
pectoralis major 
Shoulder girdle Protraction, Serratus anterior, 


upward rotation pectoralis minor 


carpi ulnaris, palmaris longus, 
fingers) îlexor digitorum profundus, fingers) 
îlexor digitorum superficialis, 
flexor pollicis longus 


contraction of palmaris longus, flexor 
digitorum profundus, 
flexor digitorum super- 
ficialis, flexor pollicis 


longus 


Wrist: neutral 


Extension Triceps brachii 
(isometric) 

Extension Triceps brachii, 
(concentric; posterior deltoid, 


eccentric anterior 
shoulder muscles) 
Adduction, 
downward rotation 


teres major, 
latissimus dorsi 
Rhomboids, upper 
and middle trapezius 


* The wrist, hand, and elbow muscles remain in a neutral position throughout the movement. 
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FIGURE 12.10 Arms lifted——flexion of shoulder 


FLEXIBILITY ANALYSIS: LATERAL 
CERVICAL FLEXION 


Stretching the Upper Trapezius, Levator Scapulae, 
Semispinalis Capitis, Longissimus Capitis, Erector 
Spinae, and Middle and Posterior Scalenes 


Stretching the neck specifically has many advantages, 
especially for those with chronic cervical conditions. 
Loss of natural range of motion in the neck is com- 
mon with injuries. Arthritis and poor postures cause 
muscle tighiness because of pain and lack of move- 
ment. When pain is present, cervical movement can 
become unbearable. Something as simple as backing 
out of the driveway becomes a compensatory move- 
ment; the torso must rotate because the cervical ro- 
tation is absent or impossible. Yet flexibility in the 
shoulder and cervical area can be improved regard- 
less of age or disk condition. Begin in a neutral posi- 
tion with the chin in toward the spine, eyes straight 
ahead, and abdominals contracted. Raise one hand 
above the head to assist in the stretch movement 
(figure 12.11). Contract the opposite-side cervical 
muscles to bring the ear to the opposite shoulder 
(figure 12.12). Using the hand, apply a genitle stretch 
for 2 seconds. Bring the head back to the start po- 
sition, and repeat. Contraindications: Cervical con- 
ditions such as herniation and arthritis should not 
prevent one from performing this movement, but 
the range of motion should be adjusted for com- 
fort. It is important that an individual with chronic 
conditions be supervised carefully when performing 
this stretch. 


FIGURE 12.11  Lateral cervical flexion start 


FIGURE 12.12  Lateral cervical flexion finish 


STRENGTHENING ANALYSIS: LATERAL 
CERVICAL FLEXION 


Strengthening the Anterior, Middle, and Posterior 
Scalenes, Sternocleidomastoid, Erector Spinae, 
and Paraspinal Muscles 


Another common failure in the structure of the neck is 
its gradual weakness against gravity. Dysfunction can 
develop if the muscles that support the head against 
daily forces cannot work the way they were designed 
to. The antigravity muscles of the upper back and the 
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TABLE 12.4  Lateral Cervical Flexion—Agonist, Joint, and Muscle Action 


Lifting Phase 


Lowering Phase 


Action Agonists 


Action Agonists 


Head movement Lateral flexion 


paraspinals 
(concentric) 


Anterior, middle, and 
posterior scalenes, 
sternocleidomastoid, 
erector spinae, and 


Lateral flexion* 
(opposite side) 


Anterior, middle, 

and posterior scalenes, 
sternocleidomastoid, 
erector spinae, 

and paraspinals 
(concentric) 


“In the return phase, the lateral flexors are contracting eccentrically while the agonists contract concentrically. 


FIGURE 12.13  Lateral cervical flexion start 


paraspinal muscles of the spine must be strengthened 
to help support head and neck movement. This exercise 
is an excellent way to strengthen the cervical muscles 
using only the weight of the head and gravity. Begin by 
Iying on the side, either on a table or bed, with the arm 
and head off the edge (figure 12.13). Secure the arm by 
grasping the bed or table; this helps stabilize the spine. 


Introduction 

vw The upper extremity is capable of a wide range of dy- 
namic movements. Natural, pain-free movement is criti- 
cal for sports activities as well as activities of daily liv- 
ing. Flexibility and strength in the upper extremity are 
essential for improved appearance and posture, as well 
as for more efficient skill performance. 


FIGURE 12.14  Lateral cervical flexion finish 


Focus vision on an object directly in front at eye level. 
Begin the movement by contracting the opposite cervi- 
cal muscle and flexing the head up to the opposite side 
(figure 12.14). The returning movement is slow and 
controlled. (See table 12.4.) Contraindications: Indi- 
viduals who have cervical conditions can perform this 
movement without hanging the head off the edge. 


Upper-Extremity Activities 

w Children seem to have an innate desire to climb, swing, 
and hang. Such movements use the muscles of the 
hands, wrists, elbows, and shoulder joints. Unless edu- 
cators emphasize development of the upper extremity, 
for both boys and girls, it will continue to be muscu- 
larly the weakest area of our bodies. Also, continued 
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maintenance of this area in adults must be reinforced in 
the health care field. Individuals often reach a point in 
their lives when suddenly it hurts to do the things they 
love doing. This is a reduction of quality of life. 


Concepts for Analysis 

vw In analyzing activities, it is important to understand 
that muscles are usually grouped according to their 
concentric function and work in paired opposition to an 
antagonistic group. 

w An example of an aggregate muscle group performing 
a given joint action is seen when all the elbow flexors 
work together. 


Analysis of Movement 


w In analyzing various exercises and sports skills, it is es- 
sential to break down all the movements into phases. 


vw The number of phases, usually three to five, varies 
depending on the skill. 


w Practically all sports skills have at least a preparatory 
phase, a movement phase, and a follow-through phase. 


w Many also begin with a stance phase and end with a 
recovery phase. 


w The names of the phases vary from skill to skill to fit in 
with the terminology used in various sports, and they 
may also vary depending on the body part involved. 

w In some cases, these major phases may be divided further, 
as with baseball, where the preparatory phase for the pitch- 
ing arm is divided into early cocking and late cocking. 


The Kinetic Chain Concept 

w The extremities consist of several bony segments linked 
by a series of joints. 

w The bony segments and their linkage system of joints 
may be likened to a chain. 


w Just as with a chain, any one link in the extremity may be 
moved individually without significantiy affecting the other 
links if the chain is open or not attached at one end. 


w If the chain is securely attached or closed, substantial 
movement of any one link cannot occur without sub- 
stantial and subsequent movement of the other links. 


Conditioning Considerations: Overload Principle 

vw A basic physiologic principle of exercise is the overload 
principle. 

w The overload principle states that, within appropriate 
parameters, a muscle or muscle group increases in 


strength in direct proportion to the overload placed 
on it. 


w To improve the strength and functioning of major mus- 
cles, this principle should be applied to every large 
muscle group in the body, progressively throughout 
each year, at all age levels. 


w The amount of overload applied varies significantly 
depending on several factors. 


Conditioning Considerations: SAID Principle 

vw The specific adaptations to imposed demanas (SAID) 
principle should be considered in all aspects of 
physiologic conditioning and training. 

v It states that the body will gradually, over time, adapt 
very specifically to the various stresses and overloads 
to which it is subjected; it is applicable in every form 
of muscle training, as well as to the other systems of 
the body. 


Conditioning Considerations: Specificity 

vw Specificity of exercise strongly relates to the SAID 
principle. 

w The components of physical fitness—such as muscular 
strength, muscular endurance, and flexibility—are not 
general body characteristics. 

w They are specific to each body area and muscle group. 


w The specific needs of the individual must be addressed 
when designing an exercise program. 


Conditioning Considerations: The Importance of Breathing 


vw Every clinician should reinforce the importance of 
proper breathing during exercise. 


vw Stroke patients, in particular, must be monitored 
during treatment, as holding the breath is extremely 
dangerous during recovery following a stroke. 

vw During exertion, all air should be exhaled from the 
lungs. 

w Inhalation occurs during the rest or preparatory phase. 


Analysis of Clinical Flexibility and Therapeutic Exercise of 

the Upper Extremity 

w Clinical Flexibility and Therapeutic Exercise consists 
of exercises that can be used in a clinical setting for 
increasing the range of motion and strengthening the 
muscles of the upper extremity. 
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True or False 


Write true or false after each statement. 


1. Strengthening of the rhomboids and upper 
trapezius will not help neck dysfunction. 

2. Eccentric contractions are extremely important 
in resistance training because they challenge the 
muscle fibers. 

3. Ballistic stretching is a bouncing movement that 
is safe for herniated-disk patienis. 

4. A good example of a closed-chain exercise is one 
in which the distal end is fixed, such as a lunge. 

5. Working the belly of the biceps femoris will help 
keep the long head of the biceps in the bicipital 
groove. 

6. In the horizontal flexion Active Isolated 
Stretch, the antagonists are the rhomboids and 
trapezius. 


7. When performing a seated weight curl, a person 
can improve the results by holding his breath 
during the exercise. 


8. Active Isolated Stretching is beneficial for stroke 
patients because it supports muscle reeducation. 


9. Posture in the upper extremity is not affected by 
limited flexibility and muscle weakness. 


10. Specificity of exercise strongly relates to the 
SAID principle. 


11. Active Isolated Stretching uses only antagonist 
muscles. 


Short Answers 
Write your answers on the lines provided. 


1. In what plane do most golf swings take 
place? 


2. A patient presents with bicipital tendonitis. What 
strength exercise would help? 


. Name three muscles that are stretched in 


horizontal flexion. 


. What muscles produce cervical lateral flexion? 


„ What breathing recommendations should a 


therapist give to a stroke patient? 


. What muscles produce horizontal flexion? 


. Explain why the cervical and posterior upper- 


extremity muscles often develop issues. 


. How should a therapist strengthen the lateral 


neck flexors? 


. Briefly explain the concept of the kinetic chain. 
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Multiple Choice 
Circle the correct answers. 
1. What is the proper form of breathing during 

exercise? 
a. inhale on the work phase 
b. hold the breath throughout 
c. blow out repeatedly in succession 
d. exhale on the work phase 


2. Which of the following is an agonist during the 
horizontal flexion stretch? 
a. rhomboids 
b. triceps 
c. pectoralis major 
d. serratus anterior 


3. Dropping the head during scapular adduction 
exercises allows for: 
a. contraction of the upper trapezius 
b. specific isolation of the rhomboids 
c. a safer technique 
d. relaxation of the rhomboids 


4. Strengthening the rhomboids can help improve 
which of the following? 
a. thoracic posture 
b. bursitis 
c. bicipital tendonitis 
d. epicondylitis 
5. Anterior shoulder raises (shoulder flexion) with 
resistance help stabilize what area? 
a. shoulder girdle 
b. antigravity muscles 


c. long head of the biceps 
d. brachialis 


1. Analyze other conditioning exercises that 
might help strengthen the rhomboids and 
upper trapezius. List how you would perform 
the exercises. 


2. Observe and analyze a rowing exercise at 
a gym. What muscles are the agonists and 
antagonists? 


6. Specificity pertains to what component of 


10. 


5) 


prescribed exercise? 

a. individual exercises for specific conditions 
b. general exercises 

c. arm curls on the affected side 

d. correct exercise posture 


. The SAID principle is important in exercise 


prescription because: 

a. programs should be specific and challenging 
for optimal results 

b. it is required by all licensed therapists 

c. it prevents muscle atrophy 

d. it prevents muscle tears 


„ An example of closed-chain exercise is: 


a. a knee extension machine 
b. biceps curl 

c. dips 

d. shoulder shrugs 


. The overload principle states that: 


a. muscles get stronger only if trained twice 
each week 


b. muscles increase in strength in direct 
proportion to the overload placed on them 


c. after age 50, muscles cannot be overloaded 
as much 


d. muscles increase in strength in an amount 
equal to how fast repetitions are performed 

Analyzing human movement has what great 

benefit in kinesiology? 

a. It has no benefit unless it is done in a clinic. 

b. It helps improve endurance. 

c. Forces against gravity can be calculated. 


d. It allows for greater understanding of 
dysfunctions for proper exercise prescription. 


. Describe an open-chain resistance exercise for 


the biceps brachii. 


„ Describe a closed-chain resistance exercise for 


the latissimus dorsi. 


What is the importance of understanding the 
myotatic reflex arc in stretching? 
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6. Compare the different types of stretching on 


a partner, and make a journal record of your 
findings. Which type do you feel would be 
the safest for someone with a herniated 
cervical disk? 


„ Stand slightly farther than arms length from a 
wall with your hands facing forward at shoulder- 
level height. Push your hand straight in front of 
your shoulder until the elbow is extended fully 
by performing each of the following movements 
before proceeding to the next: 

e Glenohumeral flexion to 90 degrees 

* Full elbow extension 

e Wrist extension to 70 degrees 


Analyze the movements and the muscles 
responsible for each movement at the shoulder 
girdle, glenohumeral joint, elbow, and wrist. 
Include the type of contraction for each muscle 
for each movement. 


8. 


10. 


Novw face a wall and stand about 6 inches from 
it. Place both hands on the wall at shoulder level, 
and put your nose and chest against the wall. 
Keeping your palms in place on the wall, slowly 
push your body from the wall as in a push-up 
until your chest is as far away from the wall as 
possible without removing your palms from the 
wall surface. Analyze the movements and the 
muscles responsible for each movement at the 
shoulder girdle, glenohumeral joint, elbow, and 
wrist. Include the type of contraction for each 
muscle for each movement. 


„ Go to a public place and observe people passing 


by. Looking at their upper-body postures, design 
a series of exercises that will help correct the 
postures. 


How would you strengthen the pectoralis major 
so that an imbalance with other muscle groups 
does not occur? 


TRUNK 
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The Trunk and Spinal Column 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


13-1 Define key terms. 


13-2  Identify the different types of vertebrae in the 
spinal column. 

13-3 Labelon a skeletal chart the types of 
vertebrae and their important features. 

13-4 Draw and label on a skeletal chart the 
muscles of the trunk and spinal column 
outlined in this chapter. 

13-5  Demonstrate all the active and passive 
movements of the head, neck, and trunk with 
a partner. 


13-6  Palpate on a partner the muscles of the 


trunk and spinal column emphasized in this 
chapter. 


13-7 Explore the origins and insertions of the 


muscles emphasized in this chapter. 


13-8  Organize and list the muscles that produce 


the primary movements of the head, neck, 
and trunk. 


13-9 Practice flexibility and strengthening 


exercises for each muscle group. 


Atlantoaxial joint External oblique 


KEY Atlanto occipital joint Internal oblique 
TERMS Atlas Interspinales 
Axis Intertransversarii 


Cervical vertebrae Intervertebral disks 


Erector spinae Kyphosis 


Introduction 


The trunk houses the spinal column, supports the 
head and neck, provides a home for the internal 
organs, and acts as attachments for the upper and 
lower extremities. The trunk is the bodys core 
that enables—or at least should enable—balanced 
movement in physical activity. If the bodys weight 
is not evenly distributed during activity, the trunk 
muscles that attach to the spine can be jeopar- 
dized and the upper and lower extremities can be 
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Linea alba Scoliosis Tendinous inscriptions 
Lordosis Splenius capitis Thoracic vertebrae 
Lumbar vertebrae Splenius cervicis Transversus 
Manubrium Sternocleidomastoid pull 

Quadratus lumborum (SCM) Xiphoid process 


Rectus abdominis 


Suboccipitals 


exposed to injury. Lifting injuries are prevalent in 
work-related activities. The human body is not de- 
signed for the trunk muscles to perform dynamic 
lifts while the lower extremities provide static sta- 
bility. Instead, the trunk muscles provide static sta- 
bility to the area while the larger lower-extremity 
muscles perform the majority of the work in ift- 
ing. Healthy movement occurs when the upper 
and lower extremities are in perfect balance. Poor 
body mechanics, faulty ergonomics, or lifting too 
much weight ofien results in strains, herniated 


disks, vertebral subluxations, and/or multiple hy- 
pertonicities. 

The anterior portion of the trunk is, put sim- 
ply, the front of the back, but the body is not flat; 
it has depth and dimension forming more of an 
oval shape. The abdominal muscles must be in 
harmony with the back muscles to support and 
oppose the extensor muscles. Ideally, the abdomi- 
nal muscles should be strong and well toned. It is 
not necessary for everyone to have “six-pack” abs; 
however, weak abdominals allow adipose tissue to 
protrude, which in turn adds more weight for the 
back muscles to suppori. This extra anterior force 
pulls directly on fibers of lumbar fascia and the 
back muscles. Healthy abdominal muscles support 
a balanced lumbar curve and a positive anterior- 
posterior pelvic position. The sides of the abdomen 
are also the sides of the back. Abdominal muscles 
wrap around the crest and support the foundation 
of the lumbar muscles. 

Like a patechwork quilt, the abdominal muscles 
cover the internal organs from the ribs to the pu- 
bis, inguinal ligament, and crest. These muscles 
are different from others in that some sections are 
linked by fasciae and tendinous bands, instead of 
attaching bone to bone. They provide compres- 
sion on the organs to keep them contained in the 
abdominal cavity and assist women during child- 
birth. The abdominal muscles actively function 
in respiration, and the transversus abdominis has 
fibers that directly attach to the diaphragm. The 
rectus abdominis has superior fibers that attach 
to the inferior fibers of the pectoralis major. The 
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external oblique interdigitates with the serratus 
anterior and latissimus dorsi. These attachments 
support the chest and back muscles and provide a 
connection for stretching. 

All the posterior spinal column muscles bilater- 
ally from the sacrum to the back of the head are 
designed to counteract trunk flexion. Extension is 
a constant action to prevent the body from falling 
into flexion. Whether standing or sitting, if the ex- 
tensor muscles are not working, the head will fall 
forward and the trunk will collapse to the ground. 
The cervical spine supports the head, which weighs 
10 to 12 pounds. Head posture affects the contrac- 
tion or strain on the extensors and flexors. The pos- 
terior cervical muscles control the cervical curve, 
oppose flexion, and support lateral flexion and 
rotation in combination with the anterior cervical 
muscles. 

This chapter reviews the bones and joints of 
the spinal column and thorax. It covers the pri- 
mary agonists and nerves of the trunk and some 
of the primary muscles of the head and neck. 
The reader is urged to review the trapezius and 
levator scapulae in Chapter 4, as they are part 
of the head and neck functional area. Intrinsic 
muscles of the head, neck, and spinal column 
are covered, but not in the same depth as the pri- 
mary muscles. Some of these muscles are high- 
lighted, however, because they are important 
to the development of or treatment for specific 
conditions, such as the suboccipitals for head- 
aches and the scalenes for potential entrapment 
of the brachial plexus. 


Bones 
VERTEBRAL COLUMN 


The intricate and complex bony structure of the ver- 
tebral column consists of 24 articulating vertebrae 
not including the 9 that are fused together to make 
up the sacrum and coceyx (figure 13.1). The column 
is further divided into the 7 cervical (neck) verte- 
brae, 12 thoracic (chest) vertebrae, and 5 lumbar 
(lower-back) vertebrae. The sacrum (posterior pel- 
vic girdle) consists of five fused vertebrae, and the 
coccyx (tailbone) consists of four fused vertebrae. 
The first two cervical vertebrae are unique because 
their shapes allow for extensive rotary head move- 
ments from side to side, as well as forward and 
backward. The spine has three normal curves within 
its movable vertebrae. The thoracic spine curve is 
concave anteriorly and convex posteriorly, whereas 


the cervical and lumbar curves are concave posteri- 
orly and convex anteriorly. The normal curves of the 
spine enable it to absorb blows and shocks from the 
bodys regular movement patterns. 

The bones in each region ofthe spine have slightly 
different sizes and shapes to allow for various func- 
tions (figure 13.2). The vertebrae increase in size 
from the cervical region to the lumbar region, pri- 
marily because they have to support more weight 
in the lower back than in the neck. The first two 
cervical vertebrae are known as the atlas and axis, 
respectively. The vertebrae C2 through L5 have sim- 
ilar architecture: Each has a bony block anteriorly, 
known as the body; a vertebral foramen centrally 
for the spinal cord to pass through; a transverse 
process projecting out laterally to each side; and a 
spinous process projecting posteriorly that is easily 
palpable. 
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[ First cervical vertebra 
(atlas) 
Cervical Second cervical vertebra 
region __ (axis) 
(convex 
anteriorly) Vertebra 
prominens 
Seventh cervical 
E vertebra 
First thoracic 
vertebra 
Thoracic 
region E Rib facet 
(concave 
anteriorly) 
Intervertebral 
foramina 
Body 
Intervertebral disk 
Anterior Posterior 
LE Twelfth 
= thoracic vertebra 
First lumbar 
vertebra 
Lumbar 
region 
(convex Transverse process 
anteriorly) 
Spinous process 
Fifth lumbar vertebra 
|: Sacral promontory 
Sacral and |— Sacrum 
coccygeal 
regions 
(concave 
anteriorly) 
FIGURE 13.1 Bones ofthe vertebral column 
CLINICAL 


NOTES 


THORAX 


The skeletal foundation of the thorax is formed by 
12 pairs of ribs (figure 13.3). Seven pairs are true ribs, 
attaching directly to the sternum. Five pairs are con- 
sidered false ribs. Of these, three pairs attach indi- 
rectly to the sternum and two pairs are floating ribs 
with free ends. The manubrium, the body of the ster- 
num, and the xiphoid process are the other bones of 
the thorax. All the ribs are attached posteriorly to the 
thoracic vertebrae. 

Key bony landmarks for locating the muscles of 
the neck include the mastoid process, transverse 
and spinous processes of the cervical spine, spinous 
processes of the upper four thoracic vertebrae, 
manubrium of the sternum, and medial clavicle. 
The spinous and transverse processes of the tho- 
racic spine and the posterior ribs are key areas of 
attachment for the posterior muscles of the spine. 
The anterior trunk muscles have attachments on the 
borders of the lower eight ribs, the costal cartilages 
of the ribs, the iliac crest, and the pubic crest. The 
transverse processes of the upper four lumbar verte- 
brae also serve as points of insertion for the quadra- 
tus lumborum, along with the lower border of the 
12th rib. 


Joints 


The first joint in the axial skeleton is the atlanto- 
occipital joint. It is formed by the occipital con- 
dyles of the skull sitting on the articular fossa of 
the 1st vertebra and allows flexion and extension 
of the head on the neck. The atlas (C1), in turn, 
sits on the axis (C2) to form the atlantoaxial joint 
(figure 13.4). Excepi for the atlantoaxial joint, there 
is not a great deal of movement possible between 
any two vertebrae. However, the cumulative effect 


Superior views 


Spinous process 


Lamina 


Superior articular facet pa) 


chapter 13 The Trunk and Spinal Column 261 


Lateral views 


Transverse foramen Body 


Transverse process 


(a) Cervical vertebrae 


Spinous process 
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Superior articular facet 
Transverse process 
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“as Inferior costal facet 


„———————— Spinous process 


Inferior articular process 


Transverse costal facet 


Body 


(b) Thoracic vertebrae 


Spinous process 


Superior articular facet 


Transverse process 
Pedicle 


Body 


(c) Lumbar vertebrae 


FIGURE 13.2 Bone shapes of the spine 


of combining the movement from several adjacent 
vertebrae allows substantial movements within a 
given area. Most of the rotation within the cervi- 
cal region occurs in the atlantoaxial joint, which 
is classified as a trochoid, or pivot-type, joint. The 
remaining vertebral articulations are classified as 
arthrodial, or gliding-type, joints, because of their 
limited gliding movements. 

Gliding movement occurs between the superior 
and inferior articular processes that form the facet 
joints of the vertebrae, as depicted in figure 13.5. Lo- 
cated in between and adhering to the articular car- 
tilage of the vertebral bodies are the intervertebral 
disks (figure 13.6). These disks are composed of an 
outer rim of dense fibrocartilage known as the annu- 
lus fibrosus and a central gelatinous, pulpy substance 
known as the nucleus pulposus. This arrangement of 
compressed elastic material allows compression in 
all directions, along with torsion. With age, injury, 


Superior articular process 


Inferior articular facet 


Spinous process 


Spinous process 


EEE Inferior articular facet 


or improper use of the spine, the intervertebral disks 
become less resilient, resulting in a weakened annu- 
lus fibrosus. Substantial weakening combined with 
compression can result in the nucleus protruding 
through the annulus, which is known as a herniated 
nucleus pulposus. Commonly referred to as a herni- 
ated or “slipped” disk, this protrusion can put pres- 
sure on the spinal nerve root, causing a variety of 
symptoms, including radiating pain, tingling, numb- 
ness, and weakness in the dermatomes and myo- 
tomes of the extremity supplied by the spinal nerve 
(figure 13.7). 

A substantial number of low-back problems are 
caused by improper use of the back over time. Im- 
proper mechanics often result in acute strains and 
muscle spasm of the lumbar extensors and chronic 
mechanical changes leading to disk herniation. Many 
problems occur from using the relatively small back 
muscles to lift objects from a lumbar spine-flexed 
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FIGURE 13.3  Thorax: (a) Posterior view of typical rib; (b) articulations of a rib with a thoracic vertebra (superior view); and (e) the 
thoracic cage, including the thoracic vertebra, the sternum, the ribs, and the costal cartilages that attach the ribs to the sternum. 


position instead of keeping the lumbar spine in a 
neutral position while squatting and using the larger, 
more powerful muscles of the lower extremity. Ad- 
ditionally, a shortened psoas can chronically place 
the back in lumbar flexion, which over time leads 
to a gradual loss of lumbar lordosis. This “flat-back 


syndrome” results in increased pressure on the lum- 
bar disk and intermittent or chronic low-back pain. 
The majority of spinal column movement occurs in 
the cervical and lumbar regions. There is, of course, 
some thoracic movement, but it is slight in compari- 
son with that of the neck and low back. In discussing 


Anterior tubercle 
Anterior arch 
Superior articular 
facet 
Transverse 
foramen 


Posterior arch 


Posterior tubercle 


(a) Atlas 


Dens (odontoid process) 


Superior articular facet Body 


Transverse foramen 
Transverse process 


Inferior articular process 


Lamina 


Spinous process 
(b) Axis 


FIGURE 13.4 Atlas and axis, cervical vertebrae C1 and C2 
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(a) Posterior (dorsal) view 


FIGURE 13.5  Articulated vertebrae 


movements of the head, ii must be remembered that 
these movements occur between the cranium and the 
1st cervical vertebra, as well as within the cervical 
vertebrae. With the understanding that these motions 
usually occur together, this text, for simplification 
purposes, refers to all movements of the head and 
neck as cervical movements. Similarly, in discuss- 
ing trunk movements, lumbar motion terminology is 
used to describe the combined motion that occurs in 
both the thoracic and lumbar regions. A closer inves- 
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(b) Left lateral view 


tigation of specific motion between any two vertebrae 
is beyond the scope of this text. 

The cervical region (figure 13.8) can flex 45 degrees 
and extend 45 degrees. The cervical area laterally flexes 
45 degrees and can rotate approximately 60 degrees. The 
lumbar spine, accounting for most of the trunk move- 
ment (figure 13.9), flexes approximately 80 degrees and 
extends 20 to 30 degrees. Lumbar lateral flexion to each 
side is usually within 35 degrees, and approximately 
45 degrees of rotation occurs to the left and right. 
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FIGURE 13.6 Structure of the vertebrae and intervertebral disk, 
superior view 
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FIGURE 13.7  Herniated disk 
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FIGURE 13.8 Active ROM ofthe cervical spine 


Annulus fibrosus 


Movements of the Trunk and Head 


Spinal movements are often preceded by the name 
given to the region of movement. See figure 13.10 
for these movements. For example, flexion of the 
trunk at the lumbar spine is known as lumbar flex- 
ion, and extension of the neck is often referred to 
as cervical extension. Additionally, the pelvic girdle 
rotates as a unit due to movement that occurs in the 
hip joints and the lumbar spine. This is discussed in 
Chapter 15. 


(pi FLEXIBILITY & STIRENGTH 


Movements of the Trunk and Head 


Spinal flexion 
Anterior movement of the spine in the sagittal plane. In the 
cervical region, the head moves toward the chest; in the lumbar 
region, the thorax moves toward the pelvis. 


Spinal extension 
Return from flexion; posterior movement of the spine in the 
sagittal plane. In the cervical spine, the head moves away from 
the chest; in the lumbar spine, the thorax moves away from the 
pelvis. Sometimes referred to as hyperextension. 


Lateral flexion (left or right) 
The head moves laterally toward the shoulder, and the thorax 
moves laterally toward the pelvis—both in the frontal plane. 
Sometimes referred to as side bending. 

Spinal rotation (left or right) 
Rotary movement of the spine in the transverse plane. The chin 
rotates from neutral toward the shoulder, and ihe thorax rotates 
toward one iliac crest. 

Reduction 
Return movement from lateral flexion to neutral in the frontal 
plane. 
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FIGURE 13.9 Active ROM ofthe thoracic and lumbar spine 


Trunk and Spinal Column Muscles 


The largest muscle group in this area is the erector 
spinae (sacrospinalis), listed in table 13.1, which ex- 
tends on each side of the spinal column from the sa- 
crum to the occiput. Ii is divided into three muscles: 
the spinalis, the longissimus, and the iliocostalis. 
From the medial to the lateral side, ii has attach- 
ments in the lumbar, thoracic, and cervical regions. 
Thus, the erector spinae group is actually made up 
of nine muscles. Additionally, the sternocleidomas- 
toid (SCM), splenius cervicis, and splenius capitis 
muscles are large muscles involved in cervical and 
head movements. Large abdominal muscles involved 
in lumbar movements include the rectus abdomi- 
nis, external oblique, and internal oblique. Deep 
in the posterior lumbar region, the quadratus lum- 
borum is also involved in lumbar movements and 
spinal stabilization. 

Numerous small muscles are located in the spi- 
nal column region. Many of them originate on one 
vertebra and insert on the next vertebra. They are 
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important in the functioning of the spine, but this 
discussion focuses on the larger muscles primarily 
involved in trunk and spinal column movements. 
Table 13.3 page 276 emphasizes some of these smaller 
functional spinal muscles. 

Muscles of the trunk and spinal column are grouped 
according to both location and function for better 
comprehension. Some muscles have multiple seg- 
ments. As a result, one segment of a particular muscle 
may be located and perform movement in one region, 
while another segment of the same muscle may be lo- 
cated in another region to perform movements in that 
region. Many of the trunk and spinal column mus- 
cles function by moving the spine, as well as in aid- 
ing respiration. All the thorax muscles are primarily 
involved in respiration. The abdominal wall muscles 
are different from the other muscles that have been 
studied. They do not attach from bone to bone but, 
rather, mesh with an aponeurosis (fascia) around the 
rectus abdominis area. They are the external oblique 
abdominal, internal oblique abdominal, and trans- 
versus abdominis. 
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FIGURE 13.10  Movemenis of the spine 


TABLE 13.1 


Muscles of the Trunk and Spinal Column 
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Name of Muscle 


Origins 


Insertion 


Actions 


Innervations 


Muscles Thai Move the Head 


Sternocleidomastoid 


Splenius capitis 


Splenius cervicis 


Manubrium of sternum, 
anterior superior 
surface of medial 
clavicle 


Below ligamentum 
nuchae, lower cervical, 
spinous process of 
C7, spinous 

processes of T1, 

T2, 13, 14 


Spinous processes 
of T3-T6 


Mastoid process 


Mastoid bone 
and occipital bone 


Transverse processes 
of C1, 02, C3 


Both sides: 
cervical flexion 


Right side: 
rotation to left and 
lateral flexion to right 


Left side: 

rotation to right and 
lateral flexion to left, 
bilateral extension of 
head at atlantooccipital 
joint 

Face rotation to one 
side and chin up, 
rotation of head and 
neck and extension of 
head and neck 
bilaterally, lateral 
flexion same side 


Face rotation to one 
side and chin up, 
rotation of head 

and neck and exten- 
sion of neck bilaterally, 
lateral flexion same side 


Muscles of the Vertebral Column 


Accessory nerve 
(CN XI, C2-C3) 


Posterior lateral 
branches of C4-C8 


Posterior lateral 
branches of C4-C8 


Erector spinae: 
lliocostalis 


Longissimus dorsi 


Spinalis dorsi 


Medial iliac crest, 
thoracolumbar 
aponeurosis from 
sacrum, posterior ribs 
3-12 


Medial iliac crest, 
thoracolumbar 
aponeurosis from 
sacrum, lumbar 1-5 
and thoracic transverse 
processes, cervical 5-7 
articular processes 


Ligamentum nuchae; 
7ih cervical and îho- 
racic spinous processes 
11, 12; lumbar 1, 2 
spinous processes 


Posterior ribs, 1-12, 
cervical transverse 
processes 4-7 


Cervical and spinous 
processes 2-6 and 
thoracic transverse 
processes 1-12, lower 
nine ribs, mastoid 
process 


2nd cervical and 
thoracic spinous 
processes 5-12, 
occipital bone 


Extension of spine 
bilaterally 


Unilateral: lateral flexion 
of spine, ipsilateral 
rotation of spine and 
head, anterior pelvic 
rotation to contralateral 
side 

Same 


Same 


Posterior branches 
of spinal nerves 


Same 


Same 


(Continued) 
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TABLE 13.1 


(Continued) 


Name of Muscle 


Origins 


Insertion 


Actions 


Innervations 


Muscles of the Vertebral Column 


Quadratus lumborum 


Posterior inner lip 


Transverse processes 


Lateral flexion to 


Branches of 112, L1 


of iliac crest of upper four ipsilateral side, “guy 

and transverse lumbar vertebrae wires,” stabilization 

processes and lower border of pelvis and lumbar 

of the lower of 12th rib spine, bilateral 

four lumbar extension of lumbar 

vertebrae spine, anterior pelvic 
rotation, lateral pelvic 
rotation to 
contralateral side 

Muscles of the Abdominal Wall 
Rectus abdominis Crest of pubis Cartilage of 5th, Flexion of trunk, Intercostal nerves 


External oblique 


Internal oblique 


Transversus abdominis 


Lower eight ribs, 
interdigitating 
with serratus 
anterior 

and latissimus 
dorsi 


Inguinal ligament 
and anterior 

iliac crest, 
lumbar fascia 


Inguinal ligament, 
iliac crest, 
thoracolumbar 
aponeurosis, lower 
margin of rib cage 
(lower six ribs), 
lumbar fascia 


6th, 7îh ribs and xiphoid 


Abdominal 
aponeurosis 

and anterior iliac 
crest, inguinal 
ligament, crest 
of pubis 


Costal cartilage 
of last three 

or four ribs, 
abdominal 
aponeurosis 


Abdominal 
aponeurosis and 
linea alba, crest 
of pubis, 
iliopectineal line 


compression of 
abdominal contents, 
lateral flexion same 
side, posterior 
pelvic rotation 


Compression 

of abdominal 
contents, bilateral 
flexion of spine, 
lateral flexion 


Unilateral: 

rotation of trunk to 
opposite side, 

pelvic rotation to 
opposite side 

Bilateral flexion 

of spine, compression 
of abdominal contents 


Unilateral: 

lateral flexion, 
rotation of trunk to 
same side, poste- 
rior pelvic rotation, 
opposite-side 
pelvic rotation 


Interdigitates with 
fibers of diaphragm 
and compression 
of abdominal 
contents, increases 
intra-abdominal 
pressure, helps 

in forced expiration 


(T7-T12) 


Intercostal nerves 
(T8-T12), 
iliohypogastric 
nerve (112, L1), 
ilioinguinal 

nerve (L1) 


Intercostal nerves 
(T8-12), 
iliohypogastric nerve 
(T12, L1), 
ilioinguinal 

nerve (L1) 


Intercostal nerves 
(T7-T12), 
iliohypogastric nerve 
(1125 15)), 
ilioinguinal 

nerve (L1) 


Muscles That Move i MUSCLE 
the Head—Location „SPECIFIC 
Anterior 


Rectus capitis anterior 
Longus capitis 
Posterior 
Suboccipitals: 
Obliquus capitis superior 
Obliquus capitis inferior 
Rectus capitis posterior—major and minor 
Longissimus capitis 
Trapezius, superior fibers 
Splenius capitis 
Semispinalis capitis 
Lateral 
Rectus capitis lateralis 
Sternocleidomastoid 


Muscles of the Vertebral MUSCLE 
Column—Location „SPECIFIC 
Superticial 


Erector spinae (sacrospinalis) 
Spinalis—capitis, cervicis, thoracis 
Longissimus—capitis, cervicis, thoracis 
Iliocostalis—cervicis, thoracis, lumborum 
Splenius cervicis 
Deep 
Longus colli—superior oblique, inferior oblique, vertical 
Interspinales—entire spinal column 
Intertransversarii—entire spinal column 
Multifidi—entire spinal column 
Psoas minor 
Rotatores—entire spinal column 
Semispinalis—cervicis, thoracis 
Muscles of the thorax 
Diaphragm 
Intercostalis—external, internal 
Levator costarum 
Subcostalis 
Scalenes—anterior, middle, posterior 
Serratus posterior—superior, inferior 
Transversus thoracis 
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Muscles of the abdominal wall 
Rectus abdominis 


External oblique 
Internal oblique 
Transversus abdominis 
Quadratus lumborum 


Nerves 


There are 31 pairs of spinal nerves emerging from the 
spinal column. Cranial nerve XI and the spinal nerves 
of C2 and C3 innervate the sternocleidomastoid. The 
posterior lateral branches of C4 through C8 innervate 
the splenius muscles. The entire erector spinae group 
is supplied by the posterior branches of the spinal 
nerves, whereas the intercostal nerves of T7 through 
T12 innervate the rectus abdominis. Both the internal 
and external oblique abdominal muscles receive in- 
nervation from the intercostal nerves (T8 through 
T12), the iliohypogastric nerve (T12, L1), and the ilio- 
inguinal nerve (L1). The same innervation is provided 
to the transversus abdominis, except that innervation 
begins with the T7 intercostal nerve. Branches from 
T12 and L1 supply the quadratus lumborum. 


Muscles That Move the Head 


All the muscles featured in this section originate on 
the cervical vertebrae and insert on the occipital bone 
of the skull, as implied by their “capitis” name (fig- 
ures 13.11 and 13.12). Table 13.2 lists the muscles 
that move the head. Three muscles make up the an- 
terior vertebral muscles—the longus capitis, the rec- 
tus capitis anterior, and the rectus capitis lateralis. 
All are flexors of the head and upper cervical spine. 
The rectus capitis lateralis laterally flexes the head, 
in addition to assisting the rectus capitis anterior in 
stabilizing the atlantooccipital joint. 

The rectus capitis posterior major and minor and 
the obliquus capitis superior and inferior are known as 
suboccipitals and are located posteriorly deep to the 
semispinalis capitis. All are extensors of the head, ex- 
cept the obliquus capitis inferior, which rotates the atlas. 
The obliquus capitis superior assists the rectus capitis 
lateralis in lateral flexion of the head. In addition to 
providing extension, the rectus capitis posterior major 
is responsible for head rotation to the ipsilateral side. 
It is assisted by the semispinalis capitis, which rotates 
the head to the contralateral side. The splenius capitis 
and the sternocleidomastoid are much larger and more 
powerful in moving the head and cervical spine, and 
they are covered in detail on the following pages. The 
suboccipitals are discussed further in Chapter 14. The 
remaining muscles that act on the cervical spine are ad- 
dressed with the muscles of the vertebral column. 
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TABLE 13.2  Muscles That Move the Head 


Muscle Origins Insertion Actions Innervations 
Rectus capitis anterior Anterior surface of Basilar part of occipital Flexion of head and sta-  C1-C3 
lateral mass of atlas bone anterior to bilization of atlantooc- 
foramen magnum cipital joint 
Rectus capitis lateralis Superior surface of Jugular process of Lateral flexion of head C1-C3 


Rectus capitis 
posterior (major) 


Rectus capitis posterior 
(minor) 


Longus capitis 


Obliquus capitis supe- 
rior 


Obliquus capitis inferior 


Semispinalis capitis 


transverse processes 
of atlas 


Spinous process of axis 


Spinous process of 
atlas 


Transverse processes 
of C3-C6 


Transverse process of 
atlas 


Spinous process of axis 


Transverse processes 
of C4-T7 


occipital bone 


Lateral portion of 
inferior nuchal line of 
occipital bone 

Medial portion of 
inferior nuchal line of 
occipital bone 

Basilar part of occipital 
bone 

Occipital bone between 
inferior and superior 
nuchal line 

Transverse process of 
atlas 

Occipital bone, between 
superior and inferior 


and stabilization of 
atlantooccipital joint 


Extension and rotation 
of head to ipsilateral 
side 

Extension of head 


Flexes head and cervical 
spine 

Extension and lateral 
flexion of head 


Rotation of atlas 


Extension and contra- 
lateral rotation of head 


Posterior rami of C1 


Posterior rami of C1 


C1-C3 


Posterior rami of C1 


Posterior rami of C1 


Posterior primary 
divisions on spinal 


FIGURE 13.11 


Digastric: 
Anterior belly 
Posterior belly 


Suprahyoid 
group 


Mylohyoid 


Levator scapulae 


Sternohyoid 


Infrahyoid—] Omohyoid: 
dela Superior belly. 
Inferior belly 


Sternocleidomastoid 


Stylohyoid 


Anterior muscles of the neck 


Hyoid bone 


Thyrohyoid 


nuchal lines nerves 
Superficial Deep 
Pe e —— 


Common carotid artery 


Internal jugular vein 


Infrahyoid 


Sternothyroid | group 


Deep Superficial 
—————— 


—— 


Semispinalis capitis 
Splenius capitis 


Sternocleidomastoid 


Levator scapulae 


Rhomboideus 
minor 
Supraspinatus 
Rhomboideus 
major 
Infraspinatus — 


FIGURE 13.12 Deep muscles of the posterior neck 
and upper-back regions 


Individual Muscles of the Trunk and 
Spinal Column—Muscles That Move 
the Head and Neck 


STERNOCLEIDOMASTOID MUSCLE 


Palpation 


Palpate the sternocleidomastoid (SCM) on the an- 
terolateral side of the neck, diagonally between the 
origin and insertion, particularly with rotation to the 
contralateral side. 


CLINICAL 
NOTES 
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Muscle Specifics 


The sternocleidomastoid is primarily responsible for 
head and neck flexion and rotation. Each side of this 
muscle may be easily visualized and palpated when 
rotating the head to its opposite side. Remember that 
the accessory nerve can be entrapped by contracted 
fibers of sternocleidomastoid. Congenital absence of 
the sternocleidomastoid muscle on one side is pres- 
ent in some people. 


Clinical Flexibility 


Since the SCM performs many actions, it should be 
stretched by each action individually. 

To stretch it as a lateral flexor, begin with the eyes fo- 
cused ahead in the neutral position and slightly retract 
the chin. Contract the opposite-side flexors, and move 
the ear to the opposite shoulder. Raise the other hand 
above the head to help stretch gently for 2 seconds. To 
stretch it as a rotator, begin in the same position. This 
time begin moving the eyes first, and contract the SCM 
to rotate the head to the opposite shoulder. Use both 
hands to help with the stretch. Position one hand at 
the back of the head and the other hand at the man- 
dible. Stretch genitly for 2 seconds. Contraindications: 
Use caution on clients with cervical disk herniations. 


Strengthening 


To strengthen the SCM, apply the rules for isolating a 
muscle's actions. Lie on the side on a bed or table, allow- 
ing the head to hang off the side. If the neck is painful, 
keep the head on the table and do not allow it to hang 
without support. Hang the bottom arm off the table, 
and secure it on the table leg. Start by looking down; 
then contract the SCM to rotate the head to the oppo- 
site shoulder. Repeat. To strengthen the SCM as a lateral 
flexor, start in the same position, but this time with the 
ear to the bottom shoulder. Contract the opposite lateral 
flexors, and lift the ear to the shoulder. Take care not to 
contract the trapezius. Repeat. Contraindications: Use 
caution on clients with cervical disk herniations; pro- 
ceed with gentle improvement of ROM first. 


SPLENIUS CAPITIS MUSCLE 
SPLENIUS CERVICIS MUSCLE 


Palpation 


Palpate the splenius capitis deep to the trapezius in- 
feriorly and the sternocleidomastoid superiorly; with 
the client seated. Ii also can be palpated in the poste- 
rior triangle of the neck between the upper trapezius 
and the sternocleidomastoid with resisted rotation to 
the ipsilateral side. 

Palpate the splenius cervicis in the lower posterior 
cervical spine just medial to the inferior levator scap- 
ulae with resisted ipsilateral rotation. 
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OIAI MUSCLE CHART  STERNOCLEIDOMASTOID (ster 'no-kli-do-mas-toyd) Named for its attachments 


Rotation to 
the right 


Lateral flexion 
to the left 


Sternocleidomastoid m. 


External 
auditory meatus 


$ 
Rotation to 23 $ 
the right € 
Ș 
Pe d 
oder) 


Sternocleidomastoid m. 


Name of Muscle Origins Insertion 


Manubrium of sternum, 
anterior superior surface 
of medial clavicle 


Sternocleidomastoid 


CLINICAL 


NOTES Chronic Tension 


Chronic tension in the back of the neck can contribute to 
headaches, and splenius capitis assists posterior cervical 
muscles in the act of chronic tension. The posterior cervical 
muscles work all the time to combat ongoing flexion. Sup- 
porting the weight of the head against gravity is a chore. 
If the head is in partial flexion, the posterior neck muscles 
have to work harder, thus putting more stress on these 
muscles. Releasing the posterior cervical muscles from 
mastoid process to mastoid process helps relieve chronic 
tension from the neck area. See Chapter 14 for more on 
this topic. 


Mastoid process 


Actions Innervations 


Both sides: 
cervical flexion 


Accessory nerve 
(CN XI, C2-C3) 


Right side: 
rotation to left and 
lateral flexion to right 


Left side: 

rotation to right and 
lateral flexion to left, 
bilateral extension of head 
at atlantooccipital joint 


CLINICAL 
NOTES 


Stabilization 
of the Upper Cervicals 


The splenius cervicis attaches to the most movable vertebrae, 
Which gives it some distinction and allows for possible sublux- 
ation and hypertonicity. Bilaterally, the splenius cervicis has at- 
tachmenits to the C1 through C3 transverse processes. Along with 
the levator scapulae, which attaches to the C1 through C4 trans- 
verse processes, and the scalenes, which also attach to vertebrae, 
the splenius cervicis provides an intricate stabilization of the spine. 
Should the neck be in a rotated position and sustain whiplash, 
damage to the fibers in a variety of neck muscles could occur in an 
extreme lateral flexion. Hypertonic fibers on either side of the up- 
per cervicals pull on the spine and cause the dreaded stiff neck. 
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OIAI MUSCLE CHART  SPLENIUS CAPITIS (sple'ni-us kap 'i-tis) Bandage to the head 


Splenius m. 
(cervicis) 


Splenius m. 
(capitis) 


Name of Muscle Origins Insertion 


Actions Innervations 


Splenius capitis Below ligamentum 
nuchae, lower 
cervical, spinous 
process of C7, 
spinous processes 


of T1, 12, 13, 14 


Muscle Specifics 


Any movement of the head and neck into extension, 
particularly extension and rotation, brings the sple- 
nius capitis and cervicis muscles strongly into play, to- 
gether with the erector spinae and the upper trapezius 
muscles. Tone in both the splenius muscles tends to 
hold the head and neck in proper posture position. 


Clinical Flexibility 


Splenius capitis and cervicis may be stretched with 
maximal flexion of the head and cervical spine. See 
the stretch for the sternocleidomastoid. 


Strengthening 


The strength exercises for the sternocleidomastoid 
apply here. 


Mastoid bone 
and occipital bone 


Posterior lateral 
branches 
of C4-C8 


Face rotation to one side 
and chin up, rotation 

of head and neck and 
extension of head and 
neck bilaterally, lateral 
îlexion same side 


Muscles of the Vertebral Column 


In the cervical area, the longus colli muscles are 
located anteriorly and flex the cervical and upper 
thoracic vertebrae. Posteriorly, the erector spinae 
group, the transversospinal group, the interspinal- 
intertransverse group, and the splenius all run verti- 
cally parallel to the spinal column (figures 13.13 and 
13.14). Table 13.3 lists the muscles of the vertebral 
column. This location enables them to extend the 
spine as well as assist in rotation and lateral flexion. 
The splenius and erector spinae group are addressed 
in detail later in this chapter. The transversospinal 
group consists of the semispinalis, multifidi, and 
rotatores muscles. These muscles all originate on 
the transverse processes of their respective vertebrae 
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OIAI MUSCLE CHART 


SPLENIUS CERVICIS (sple "ni-us ser vi-sis) Bandage to the cervicals 


Splenius m. 
(cervicis) 


Splenius m. 
(capitis) 


Name of Muscle Origins Insertion 


Splenius cervicis Spinous processes of 


T3-T6 C1, C2, C3 


and generally run posteriorly to attach to the spinous 
processes on the vertebrae just above their vertebrae 
of origin. All are extensors of the spine and con- 
tract to rotate their respective vertebrae to the con- 
tralateral side. The interspinal-intertransverse group 
lies deep to the rotatores and consists of the inter- 
spinales and the intertransversarii muscles. As a 
group, they laterally flex and extend but do not rotate 
the vertebrae. The interspinales are extensors that 
connect from the spinous process of one vertebra 
to the spinous process of the adjacent vertebra. The 
intertransversarii muscles flex the vertebral column 
laterally by connecting to the transverse processes of 
adjaceni vertebrae. 


Transverse processes of 


Actions Innervations 


Posterior lateral 
branches of C4-C8 


Face rotation to one 
side and chin up, rota- 
tion of head and neck 
and extension of neck 
bilaterally, lateral flexion 
same side 


Individual Muscles of the Trunk and 
Spinal Column—Muscles That Move 
the Vertebral Column 


ERECTOR SPINAE MUSCLES 
(SACROSPINALIS) 


Palpation 

The erector spinae muscles are deep and difficult to 
distinguish from other muscles in the cervical and tho- 
racic regions; with the client prone, palpate the longis- 
simus dorsi group immediately lateral to the spinous 
processes in the lumbar region with active extension. 
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Superior nuchal line 


Semispinalis capitis 


Longissimus capitis 


Semispinalis cervicis 


Splenius capitis 


Serratus posterior 
superior 


Splenius cervicis Pa 
Semispinalis 


Erector spinae: thoracis 
lliocostalis 


Longissimus 


Spinalis 


Serratus posterior inferior 


Multifidus 


Internal abdominal 
oblique 


Quadratus lumborum 


External abdominal 
oblique (cut) 


FIGURE 13.13  Muscles acting on the vertebral column 


CLINICAL 
NOTES 


Muscle Specifics 


The erector spinae muscles function best when the 
pelvis is posteriorly rotated. This lowers the origin of 
the erector spinae and makes the muscles more effec- 
tive in keeping the spine straight. As the spine is held 
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Multifidus 


Rotatores 
Intertransversarii 
Interspinales 
Transverse 
process 
Spinous 
process 


Posterolateral view 


FIGURE 13.14 Deep muscles acting on the vertebral column 


TABLE 13.3  Muscles of the Vertebral Column 


straight, the ribs are raised, thus fixing the chest high 
and consequenily making the abdominal muscles 
more effective in holding the pelvis up in front and 
flattening the abdominal wall. 


Clinical Flexibility 


Because this muscle group is long and acts on both 
the lumbar and cervical spines, it must be separated 
to stretch each part. To stretch it as a lateral flexor, 
stand straight with arms at the sides. Contract one 
side and reach laterally, as though you were trying to 
touch the side of your knee. Feel for the stretch on 
the opposite side. To stretch the cervical portion of 
erector spinae, apply the stretches described earlier 
for the sternocleidomastoid. Contraindications: Use 
caution on clients with disk herniations. 


Strengthening 


The erector spinae group and its various divisions 
may be strengthened through numerous forms of 
back extension exercises. They are usually done in a 


Muscle Origins Insertion Actions Innervations 
Longus colli Transverse processes Anterior arch of atlas Flexion of cervical spine  C2-C7 
(superior oblique) of C3-C5 
Longus colli Bodies of T1-T3 Transverse processes Flexion of cervical spine  C2-C7 
(inferior oblique) of C5-C6 
Longus colli Bodies of C5-C7 Anterior surface of Flexion of cervical spine  C2-C7 
(vertical) and T1-T3 bodies of C2-C4 
Interspinalis Spinous process of Spinous process of next Extension of spinal Posterior primary 
each vertebra vertebra column ramus of spinal nerves 
Intertransversarii Tubercles of transverse Tubercles of transverse Lateral flexion of spinal Anterior primary ramus 
processes of each processes of next column of spinal nerves 
vertebra vertebra 
Multifidus Sacrum, iliac spine, Spinous processes of Extension and Posterior primary 
transverse processes 2nd, 3rd, or 4th contralateral rotation ramus of spinal nerves 
of lumbar, thoracic, vertebra above origin of spinal column 
and lower four 
cervical vertebrae 
Rotatores Transverse process Base of spinous Extension and Posterior primary 
of each vertebra process of next contralateral rotation ramus of spinal nerves 
vertebra above of spinal column 
Semispinalis Transverse processes Spinous processes Extension All divisions, posterior 
cervicis of 11-15 or T6 from C2-C5 and contralateral primary ramus of spinal 
rotation of vertebral nerves 
column 
Semispinalis Transverse processes Spinous processes Extension and contralat-  Posterior primary 
thoracis of 16-T10 of C6-C7 and T1-T4 eral rotation of vertebral  ramus of spinal nerves 


column 
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OIAI MUSCLE CHART  ERECTOR SPINAE (e-rek tor spi ne) Extensors of the spine 


ILIOCOSTALIS (il i-o-kos-ta lis) Lateral layer 
LONGISSIMUS (lon-jis'i-mus) Middle layer 
SPINALIS (spi-na is) Medial layer 


Pa 
SL ÎN Capitis m. 
Cervical lateral flexion je Cervical 
as “aţi lateral flexion 
Cervical a Cervicis m. 


extension N 


Cervicis m. 


Cervical extension 


Thoracis m. 


Lumbar lateral 
flexion 


Lumbar extension 


Lumborum m. 


a 


(a) 


” y 


) 
lb) 


Thoracis m. 


Lumbar lateral 
flexion 


Lumbar extension 


Cervical lateral 
flexion 


Ca 


Capitis m. 


Cervical 
extension 


Thoracis m. 


Lumbar 
lateral 
flexion 


Lumbar 
extension 


(c) 


Name of Muscle Origins 


lliocostalis Medial iliac crest, thora- 
columbar aponeurosis 
from sacrum, posterior 


ribs 3-12 


Insertion 


Posterior ribs 1-12, 
cervical transverse 
processes 4-7 


Actions Innervations 


Posterior branches of 
spinal nerves 


Extension of spine 
bilaterally 


Unilateral: lateral flexion 
of spine, ipsilateral rota- 
tion of spine and head, 
anterior pelvic rotation, 
lateral pelvic rotation to 
contralateral side 


(Continued) 
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Longissimus dorsi 


Spinalis dorsi 


Medial iliac crest, thora- 
columbar aponeurosis 
from sacrum, lumbar 
1-5 and thoracic trans- 
verse processes 1-5, 
cervical 5—7 articular 
processes 


Ligamentum nuchae; 
7ih cervical and thoracic 
spinous processes 11, 


Cervical and spinous Same 
processes 2-6 and 

thoracic transverse 

processes 1-12, lower 

nine ribs, mastoid 

process 


2nd cervical and tho- Same 
racic spinous processes 
5-12, occipital bone 


Same 


Same 


12; lumbar 1, 2 spinous 
processes 


prone or face-down position with the spine already 
in some state of flexion. Use these muscles to move 
part of or the entire spine toward extension against 
gravity. Hold a weight in the hands behind the head 
to increase resistance. Contraindications: Use caution 
on clients with disk herniations; avoid using added 
weight until the injury has healed. 


QUADRATUS LUMBORUM MUSCLE 


Palpation 


With the client prone, palpate the quadratus lumbo- 
rum just superior to the iliac crest and lateral to the 
lumbar erector spinae with isometric lateral flexion. 


CLINICAL 
NOTES 


Muscle Specifics 


The quadratus lumborum is important in lumbar lat- 
eral flexion and in elevation of the pelvis on the same 
side in the standing position—an action often called 
hip hiking. Studies on cadavers have shown that this 
muscle has a varied presentation, depending on the 
space between the 12th rib and the iliac crest. What 
remains the same is that there are usually three dif- 
ferent fiber directions: 


+ Iliocostal fibers run from the 12th rib to the crest 
and iliolumbar ligament in a vertical direction. 


e Lumbocostal fibers run from the 12th rib to the 
transverse processes of the lumbar vertebrae. 


* Iliolumbar fibers run from the transverse pro- 
cesses L1 through L4 to the crest of the ilium and 
iliolumbar ligament. 


These fiber directions help provide a visual of how 
the quadratus lumborum acts as tension wires for 
stabilization of the lumbar spine. 


Clinical Flexibility 


Left lumbar lateral flexion while in lumbar flexion 
stretches the right quadratus lumborum, and vice 
versa. Spinal rotation with lumbar flexion will help 
isolate each side. The lateral stretch for the erector 
spinae applies here. 


Strengthening 


Trunk rotation and lateral flexion movements against 
resistance are good exercises for development of the 
quadratus lumborum muscle. Stand with a weight 
in one hand, with arms at the sides. Contract the in- 
volved side and reach laterally, lifting the weight with 
the lateral flexors. Contraindications: Tenderness may 
be felt on the involved side as muscle fibers shorten. 
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OIAI MUSCLE CHART  QUADRATUS LUMBORUM (kwad-ra tus lum-bo'rum) Guy wires for the lower back 


Twelfth rib 


Transverse process = 


? 


Quadratus lumborum m. 


Lateral 
flexion 


lliac fossa 


Pectineal line 


lliopectineal eminence 


Inferior pubic ramus ; : 
Superior pubic ramus 


Twelfth thoracic vertebra 
First lumbar vertebra 


Fifth lumbar vertebra 


Name of Muscle Origins Insertion 


Quadratus lumborum Posterior inner lip of 
iliac crest and transverse 
processes of lower four 


lumbar vertebrae 


upper four 


12th rib 


Muscles of the Thorax 


The thoracic muscles are involved almost entirely in 
respiration (figure 13.15). During quiet rest, the dia- 
phragm is responsible for breathing movements. As it 
contracts and flattens, the thoracic volume is increased 
and air is inspired to equalize the pressure. The other 
thoracic muscles take on a more significant role in 
inspiration when greater amounts of air are needed, 
such as during exercise. The scalene muscles elevate 
the first two ribs to increase the thoracic volume. 
(See more on the scalenes in Chapter 14.) Further ex- 
pansion of the chest is accomplished by the external 
intercostals. Additional muscles of inspiration are the 


Transverse processes of 


brae and lower border of 


Actions Innervations 


Lateral flexion to the 
ipsilateral side, “guy 
wires,” stabilization 

of pelvis and lumbar 
spine, bilateral exten- 
sion of lumbar spine, 
anterior pelvic rotation, 
lateral pelvic rotation to 
contralateral side 


Branches of 112, L1 
lumbar verte- 


levator costarum and the serratus posterior. Forced 
expiration occurs with contraction of the internal in- 
tercostals, transversus thoracis, and subcostals. All of 
these muscles are detailed in table 13.4. (Notre: The 
pectoralis minor and serratus anterior also serve as 
accessory respiratory muscles. Refer to Chapter 4 to 
review those muscles.) 


Individual Muscles of the Abdominal 
Wall 


Figures 13.16 and 13.17 show the abdominal wall 
muscles as a whole. 
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Sternocleidomastoid 
(elevates sternum) 


Scalenes 
(fix or elevate ribs 1-2) 


External intercostals 
(elevate ribs 2-12, 
widen thoracic cavity) 


Pectoralis minor (cut) 
(elevates ribs 3-5) 


Internal intercostals, 
intercartilaginous part 
(aid in elevating ribs) 


Diaphragm 
(descends and 
increases depth 
of thoracic cavity) 


FIGURE 13.15  Muscles of respiration, anterior view 


RECTUS ABDOMINIS MUSCLE 


Palpation 


Palpate the rectus abdominis on the anteromedial 
surface of the abdomen, between the rib cage and the 
pubic bone, with isometric trunk flexion. 


CLINICAL 
NOTES 


Internal intercostals, 
interosseous part 
(depress ribs 1-11, 
narrow thoracic cavity) 


Diaphragm 
(ascends and 
reduces depth 

of thoracic cavity) 


Rectus abdominis 
(depresses lower ribs, 
pushes diaphragm upward 
by compressing 

abdominal organs) 
External abdominal oblique 


(same effects as 
rectus abdominis) 


Muscle Specifics 


The rectus abdominis muscle controls the tilt of the 
pelvis and the consequent curvature of the lower 
spine. By rotating the pelvis posteriorly, the rectus 
abdominis flattens the lower back, making the erec- 
tor spinae muscles more effective as an extensor of 
the spine and the hip flexors (the iliopsoas muscle, 
particularly) more effective in raising the legs. 

In a relatively lean person with well-developed 
abdominals, three distinct sets of lines or depres- 
sions may be noted. Each represents an area of ten- 
dinous connective tissue connecting or supporting 


TABLE 13.4  Muscles ofthe Thorax 
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Muscle 


Diaphragm 


Internal 
intercostals 


External 
intercostals 


Levator 
costarum 


Subcostales 


Scalenus 
anterior 


Scalenus medius 


Scalenus 
posterior 


Serratus 


posterior (superior) 


Serratus 


posterior (inferior) 


Transversus 
thoracis 


Origins 


Circumference of 
thoracic inlet from 
Xiphoid process, costal 
cartilages 6-12, 

and lumbar vertebrae 


Longitudinal ridge 
on inner surface 
of ribs and costal 
cartilages 


Inferior border 
of ribs 


Ends of transverse 
processes of C7, 
T2-T12 


Inner surface 
of each rib near 
its angle 


Transverse processes 
of 03-06 


Transverse processes 
of C2-C7 


Transverse processes 
of 05-07 


Ligamentum nuchae, 
spinous processes of 
C7, T1, and 12 or 13 


Spinous processes of 
T10-T12 and L1-L3 


Inner surface of 
sternum and xiphoid 
process, sternal ends 
of costal cartilages of 
ribs 3-6 


Insertion 


Central tendon of 
diaphragm 


Superior border 
of next rib 
below 


Superior border 
of next rib below 


Outer surface 
of angle of next 
rib below origin 


Medially on the 
inner surface 

of 2nd or 3rd rib 
below 


Inner border 
and upper surface 
of 1st rib 


Superior surface 
of 1st rib 


Outer surface of 2nd rib 


Superior borders lateral 
to angles of ribs 2-5 


Inferior borders lateral 
to angles of ribs 9-12 


Inner surfaces and in- 
ferior borders of costal 
cartilages 3-6 


Actions 


Depresses and draws 
central tendon 
forward in inhalation, 
reduces pressure 

in thoracic cavity, 
and increases 
pressure in 
abdominal cavity 


Elevates costal carti- 
lages of ribs 

1-4 during inhalation, 
depresses all ribs 

in exhalation 


Elevates ribs 


Elevates ribs, 
lateral flexion 
of thoracic spine 


Draws the ventral 

part of the ribs 
downward, 

decreasing the volume 
of the thoracic cavity 


Elevates 1st rib, flexion, 
lateral flexion, and 
contralateral rotation 
of cervical spine 


Elevates 1st rib, flexion, 
lateral flexion, and 
contralateral rotation 
of cervical spine 


Elevates 2nd rib, flex- 
ion, lateral flexion, 

and slight contralateral 
rotation of cervical 
spine 

Elevates upper ribs 


Counteracts inward pull 
of diaphragm by 
drawing last 4 ribs out- 
ward and downward 


Depresses ribs 


Innervations 


Phrenic nerve (C3-C5) 


Intercostal branches 
of T1-T11 


Intercostal branches 
of T1-T11 


Intercostal nerves 


Intercostal nerves 


Ventral rami of C5-C6, 


sometimes C4 


Ventral rami of C3-C8 


Ventral rami of C6-C8 


Branches from anterior 
primary rami of T1-T4 


Branches from anterior 
primary rami of T9-T12 


Intercostal branches of 
T3-T6 
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Pectoralis major 


Latissimus dorsi 


Serratus anterior 


Tendinous 


inscriptions Rectus sheath (cut edges) 


Rectus sheath 
Transverse abdominal 


Umbilicus 


Internal abdominal 


Linea semilunaris oblique (cut) 


Linea alba 


External abdominal 


| i 4 | oblique (cut) 
Aponeurosis of — ă Z Rectus abdominis 
external abdominal N i / < 3 Pe 

oblique A MĂ Inguinal ligament 


(a) Superficial 


Subclavius 


Pectoralis minor (cut) 


Pectoralis minor 
Internal intercostals 


Serratus anterior 


External intercostals 
Rectus abdominis (cut) 


Rectus sheath 


External abdominal 
oblique (cut) 


Internal abdominal 
oblique (cut) 


Internal abdominal 
oblique 


Posterior wall of rectus sheath 
(rectus abdominis removed) 
Inguinal ligament 


Transverse abdominal (cut) 


(b) Deep 


FIGURE 13.16  Muscles ofthe superficial and deep abdominal wall 


Posterior 
Muscles: ui & 


External abdominal oblique 
Internal abdominal oblique 
Transverse abdominal 


Rectus abdominis 
Rectus sheath 


Peritoneum 


Anterior 


Subcutaneocus fat 


Aponeurosis of: 
Transverse abdominal 
Internal abdominal oblique 
External abdominal oblique 


FIGURE 13.17 Cross section of the anterior abdominal wall 
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the abdominal arrangement of muscles in lieu of 
bony attachments. Running vertically from the xi- 
phoid process through the umbilicus to the pubis is 
the linea alba. It divides each rectus abdominis and 
serves as its medial border. Ii is possible for the linea 
alba to divide the rectus abdominis into two sections, 
especially during pregnancy. Lateral to each rectus 
abdominis is the linea semilunaris, a crescent, or 
moon-shaped, line running vertically. This line rep- 
resents the aponeurosis connecting the lateral bor- 
der of the rectus abdominis and the medial border 
of the external and internal abdominal obliques. The 
tendinous inscriptions are horizontal indentations 
that transect the rectus abdominis at three or more 
locations, giving the muscle its segmented appear- 
ance. The tendinous inscriptions allow each section 
of the rectus abdominis to be strengthened. 


OIAIL MUSCLE CHART  RECTUS ABDOMINIS (rek tus ab-dom 'i-nis) Flexor of the trunk—the six pack 


E, 


is? 


re prez S | 


/) 3 


Lateral flexion 


je 


Tendinous 
inscription 


Rectus abdominis m. 


Name of Muscle Origins Insertion 


Rectus abdominis Crest of pubis 


Cartilage of 5th, 6th, 7th 
ribs and xiphoid 


Actions Innervations 


Intercostal nerves 
(17-T12) 


Flexion of trunk, 
compression of 
abdominal contents, 
lateral flexion same 
side, posterior pelvic 
rotation 
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Clinical Flexibility 


The rectus abdominis is stretched by simultaneously 
hyperextending both the lumbar and thoracic spines. 
Stand and lift the arms overhead. Reach back into hyper- 
extension, moving your arms back with your head. Con- 
traindications: Use caution if disk issues are present. This 
exercise places pressure on the lower lumbar disks. 


Strengthening 


There are several exercises for the abdominal mus- 
cles, such as benit-knee sit-ups, crunches, and isomet- 
ric contractions. To effectively challenge the muscles, 
these exercises should be done slowly—especially on 
the eccentric portion of the exercise. Bent-knee sit-ups 
with the arms folded across the chest are considered 
by many to be a safe and efficient exercise. Crunches 
are thought to be even more effective for isolating the 
work to the abdominals. Both of these exercises shorten 
the iliopsoas muscle and other hip flexors, thus reduc- 
ing their ability to generate force. Twisting to the left 
and right brings the oblique muscles into more active 
contraction. In all of these exercises, it is important to 
use proper technique, which involves gradually mov- 
ing to the up (flexed) position until the lumbar spine 
is actively flexed maximally and then slowly returning 
to the beginning position. The lower back should be 
flat against the floor. Jerking movements using mo- 
mentum should be avoided. While crunches and other 
intense exercises are popular forms for defining the 
abdominals, simple pelvic tilts are also effective. This 
is accomplished by flattening the low back by tilting 
the pelvis posteriorly, with the knees bent. Contrain- 
dications: Movement beyond full lumbar flexion only 
exercises the hip flexors, which is not usually an objec- 
tive. These exercises may be helpful in strengthening 
the abdominals; however, use careful analysis to de- 
termine which are indicated in the presence of various 
low-back injuries and problems. 


EXTERNAL OBLIQUE MUSCLE 


Palpation 


With the client supine, palpate the external oblique 
lateral to the rectus abdominis between the iliac crest 
and the lower ribs, with active rotation to the contra- 
lateral side. 


CLINICAL 
NOTES 


Muscle Specifics 


Working on each side of the abdomen, the exter- 
nal oblique abdominal muscles aid in rotating the 
trunk to the contralateral side when they work 
independently of each other. When they work to- 
gether, they aid the rectus abdominis muscle in its 
described action. 


Clinical Flexibility 


Each side of the external oblique must be stretched 
individually. The right side is stretched by moving into 
extreme left lateral flexion combined with extension 
or by extreme lumbar rotation to the right combined 
with extension. Use the stretch described for the erec- 
tor spinae here, but with a variation: Turn the torso so 
that one shoulder faces almost posteriorly, and reach 
back into lateral flexion and hyperextension. Contrain- 
dications: Use caution if disk issues are present. 


Strengthening 


The external oblique muscle is important to strengthen 
for core stability of the trunk and spine. Along with 
rectus abdominis, it is often weak in individuals, 
leaving little support for the low back and internal 
organs. It is strengthened using a medium-size exer- 
cise ball. Perform while seated on the edge of a table 
or bench or while seated on another large ball. Clasp 
the ball with both hands, and extend the arms out 
in front. Contracting the abdominals, begin moving 
slowly to the left or right. Rotate as far as possible; 
then rotate to the other side. The side obliques should 
“burn” slightly as they contract, and they should pro- 
vide the rotary movement. 

As an alternative, the left external oblique ab- 
dominal muscle contracts strongly during sit-ups 
when the trunk rotates to the right, as in touching 
the left elbow to the right knee. Rotating to the 
left brings the right external oblique into action. 
Contraindications: Use caution if disk issues are 
present. 
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OIAI MUSCLE CHART  EXIERNAL OBLIQUE ABDOMINAL (ek-stur “nel o-bleek“ ab-dom 'i-nel) Waist muscle 


Lumbar flexion 


A 


Lumbar lateral 
flexion 


LC a Vi 
SU 


j 
a 


Contralateral 


External oblique 
abdominal m. 


Inguinal ligament 


Name of Muscle Origins Insertion 


External oblique Lower eight ribs, inter- 
digitating with serratus 
anterior and latissimus 


dorsi of pubis 


INTERNAL OBLIQUE MUSCLE 


Palpation 


With the client supine, palpate the internal oblique on the 
anterolateral abdomen between the iliac crest and the 
lower ribs, with active rotation to the ipsilateral side. 


CLINICAL 
NOTES 


Abdominal aponeurosis 
and anterior iliac crest, 
inguinal ligament, crest 


Actions 


Innervations | 


Intercostal nerves 
(T8—T12), iliohypogas- 
tric nerve (112, L1), 
ilioinguinal nerve (L1) 


Compression of abdomi- 
nal contents, bilateral 
flexion of spine, lateral 
flexion 


Unilateral: rotation of 
trunk to opposite side, 
pelvic rotation to 
opposite side 


Muscle Specifics 


The intemal oblique abdominal muscles run diago- 
nally in the direction opposite that of the external 
obliques; when the muscles are working independenily 
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OIAI MUSCLE CHART 


INTERNAL OBLIQUE ABDOMINAL (in-ter nel o-bleek ab-dom 'i-nel) Beneath the external oblique 


Lumbar flexion 


Lumbar lateral 
flexion 


Ipsilateral 
rotation 


Inguinal ligament 


Name of Muscle Origins 


Insertion 


Actions Innervations 


Internal oblique Inguinal ligament and 
anterior iliac crest, 


lumbar fascia 


of each other, rotate the trunk to the ipsilateral side. 
The left internal oblique rotates to the left, and the 
right internal oblique rotates to the righi. 


Clinical Flexibility 


As with the external oblique, each side of the internal 
oblique must be stretched individually. Stretch the right 
side in the manner used for the external oblique. 


Strengthening 


Strengthen the internal oblique muscle in the same 
way as strengthening the external oblique. In rotary 


Costal cartilage of last 
three or four ribs, 
abdominal aponeurosis 


Intercostal nerves 
(T8-T12), 
iliohypogastric nerve 
(T12, L1), ilioinguinal 
nerve (L1) 


Bilateral flexion of spine, 
compression of abdomi- 
nal contents 


Unilateral: 

lateral flexion, rotation 
of trunk to same side, 
posterior pelvic rotation, 
opposite-side pelvic 
rotation 


movements, the internal oblique and the external 
oblique on opposite sides of each other always work 
together. 


TRANSVERSUS ABDOMINIS MUSCLE 


Palpation 


With the client supine, palpate the transversus abdo- 
minis on the anterolateral abdomen between the iliac 
crest and the lower ribs during forceful exhalation. 
The transversus abdominis is very difficult to distin- 
guish from the abdominal obliques. 
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OIAI MUSCLE CHART  TRANSVERSUS ABDOMINIS (trans-vurs us ab-dom 'i-nis) Deepest abdominal muscle 


Transversus 
abdominis m. 


Inguinal ligament 


Name of Muscle 


Transversus abdominis 


CLINICAL 
NOTES 


Origins 


Insertions 


Actions Innervations | 


Inguinal ligament, iliac 
crest, thoracolumbar 
aponeurosis, lower 
margin of rib cage 
(lower six ribs), lumbar 
fascia 


Abdominal aponeurosis Interdigitates with Intercostal nerves 

and linea alba, crest of fibers of diaphragm (T17-T12), iliohypogas- 

pubis, iliopectineal line and compression of tric nerve (112, L1), 
abdominal contents, in-  ilioinguinal nerve (L1) 


creases intra-abdominal 
pressure, helps in forced 
expiration 


Muscle Specifics 


The transversus abdominis is the chief muscle of forced 
expiration and is effective—together with the rectus 
abdominis, the external oblique abdominal, and the 
internal oblique abdominal muscles—in helping hold 
the abdomen flat. This abdominal flattening and forced 
expulsion of the abdominal contents is the only action 
of this muscle. It is also used to help push during child- 
birth. Pregnant women should begin strengthening all 
the abdominal muscles early to ease childbirth. 


Clinical Flexibility 


The transversus abdominis muscle is stretched by 
taking the torso into hyperextension. Stand and 
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raise the arms overhead, and slowly move into hy- 
perextension, feeling for a stretch in the abdomi- 
nals. See the contraindications for stretching the 
rectus abdominis. 


Strengthening 


The transversus abdominis muscle is strengthened 
effectively by attempting to draw the abdominal 
contents back toward the spine. This may be done 


Introduction 


w The trunk contains the internal organs, houses the spi- 
nal column, and provides attachment for the upper and 
lower extremities. 


Bones 

w There are 24 articulating vertebrae in the spinal column, 
and 5 and 4 fused bones in the sacrum and coccyx, 
respectively. There are 7 cervical, 12 thoracic, and 
5 lumbar vertebrae. 


v Parts ofthevertebra are the spinous process, transverse 
process, and body. 


w The spine has three normal dynamic curves. 


vw Abnormal curves either are genetic or can develop 
for a variety of reasons. The curves include kyphosis, 
lordosis, and scoliosis. 


w There are 12 pairs of ribs, 7 of which are true, attach- 
ing to the sternum; 5 pairs are false, and 2 of these 
pairs are floating ribs. The ribs attach to the vertebrae 
posteriorly. 


vw The manubrium of the sternum and the xiphoid process 
at the end of the sternum provide attachment sites. 
The clavicle is also an attachment site for the sterno- 
cleidomastoid. 

vw Abdominal muscles attach to pubic and iliac crest 
bones and to the inguinal ligament. 

w The mastoid process and occiput provide attachment 
for lateral and posterior cervical muscles. 


Joints 


v The first joint is the atlantooccipital joint, allowing flexion 
and extension. 


v The atlas and axis form a pivot joint (atlantoaxial joint), 
allowing rotation. 


vw The rest of the vertebrae are gliding joints. 


isometrically in the supine position or while stand- 
ing. The pelvic tilt exercise assists building tone 
in all the abdominals. To perform the pelvic îilt, 
lay on a flat surface and flex the knees. Lift only 
the hips and pull in the abdomen, exhaling. Do not 
lift the lower back off the floor. Repeat as often 
as comfortable. Contraindications: Use caution if 
disk issues are present. This is a safe exercise for 
lower-back discomfort, but consult a physician if 
pain exists. 


Movemenis of the Trunk and Head 

v! The head moves forward with flexion, back with exten- 
sion, and toward the shoulder in lateral flexion; the chin 
rotates toward the shoulder in rotation. 


vw The lumbar spine provides movement in flexion, exten- 
sion, lateral flexion, reduction, and rotation. 


Trunk and Spinal Column Muscles 
v The sternocleidomastoid is located anteriorly and laterally. 


vw The splenius muscles connect the thoracic region to the 
head and upper cervical vertebrae. 


v There are additional intrinsic muscles that move the 
head and neck, including the deep suboccipitals. 


vw Anteriorly, the rectus abdominis, external oblique, and in- 
ternal oblique flex the trunk. The transversus abdominis as- 
sists in respiration and is the deepest abdominal muscle. 


vw The erector spinae muscles span the back from the 
sacrum to the occiput. This large group is divided into 
three groups of three muscles each, for nine muscles on 
each side of the spine. 


vw The quadratus lumborum is situated deep in the posterior 
lumbar region between the 12th rib and the iliac crest. 


Nerves 

v The accessory nerve and spinal nerves C2 and C3 
innervate the sternocleidomastoid. Spinal nerves inner- 
vate the erector spinae and the quadratus lumborum. 
Intercostal nerves innervate abdominal muscles together 
with the iliohypogastric and ilioinguinal nerves. 


Muscles That Move the Head 

w There are many layers of muscles that surround the cer- 
vical spine, connect the head to the vertebrae and the 
vertebrae to the trunk, and provide movement on mul- 
tiple levels. See table 13.2 on page 270 for additional 
muscles that move the head. 


Individual Muscles of the Trunk and Spinal Column—Muscles 

That Move the Head and Neck 

vw Sternocleidomastoid, named for its attachments, be- 
gins at the sternum and clavicle and inserts at the 
mastoid process. It flexes the head forward, laterally 
flexes on the same side, and rotates the head to the 
opposite side. 


w Splenius capitis and cervicis are bandage muscles that 
wrap around the neck. They connect the thoracic spine 
to the occiput and to the cervical vertebrae. They later- 
ally flex and rotate the head and neck. 


Muscles of the Vertebral Column 


vw Deep muscles of the vertebral column provide a net- 
work of muscles that connect the vertebra to vertebra 
and stability for the spine. See table 13.3 on page 276 
for a listing of deep muscles of the vertebral column. 


Individual Muscles of the Trunk and Spinal Column— 

Muscles That Move the Vertebral Column 

w Erector spinae comprise nine muscles in three divisions; 
the group is a spinal extensor on either side of the ver- 
tebral column. This elaborate muscle group spans from 
the sacrum and attaches to ribs and vertebrae on its 
way to the mastoid process and the occiput. The three 
major divisions are the iliocostalis, longissimus, and 
spinalis. Although the erector spinae's primary action is 
extension of the whole spinal column, the divisions are 


Worksheet Exercises 


As an aid to learning, for in-class or out-of-class 
assienments, or for testing, tear-out worksheets are 
found at the end of the text, on pages 535-538. 


True or False 
Write true or false after each statement. 


1. The sternocleidomastoid rotates the head to the 
same side. 

2. The splenius capitis and cervicis attach to the 
thoracic vertebrae and connect the head and 
neck to the thoracic spine. 

3. The sternocleidomastoid and splenius capitis 
and cervicis oppose each other in flexion and 
extension. 

4. The most inferior division in the erector spinae 
muscles is the spinalis. 

5. The suboccipitals are intrinsic muscles for the 
head and neck. 
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involved in lateral flexion of the head and trunk and as- 
sist in other movements. 


w Quadratus lumborum is a deep lower-back stabilizer. It 
spans from the 12th rib to the lumbar vertebrae and the 
iliac crest. It has multiple actions and is prone to soft- 
tissue injury when bearing the brunt of heavy lifting or 
incorrect body mechanics. 


Muscles of the Thorax 


w Muscles ofthe thorax assist in the process of respiration. 
See table 13.4 on page 281 for muscles of the thorax. 


Individual Muscles of the Abdominal Wall 


w Rectus abdominis spans from the ribs and xiphoid pro- 
cess to the pubis. It is a major trunk flexor. 


w External oblique is located laterally to the rectus abdo- 
minis but connects to it through abdominal fascia. It in- 
terdigitates with the serratus anterior and with latissimus 
dorsi. It laterally flexes the trunk to the same side and 
will rotate to the opposite side. 


w Internal oblique is located anteriorly and lateral to rectus 
abdominis. Ii is layered beneath the external oblique. It 
works with the external oblique to laterally flex to the 
same side and rotate the trunk. 

w Transversus abdominis is the deepest abdominal mus- 


cle and is attached to lumbar fascia. It helps with forced 
expiration. 


6. The rectus abdominis and the erector spinae 
both flex the trunk. 


7. Tiny muscles located in between the spinous 
processes are called intertransversarii. 


8. The vertebrae have a spinous process and a 
transverse process. 


9. The atlas and axis do not rotate the head. 
10. There are 25 pairs of spinal nerves. 


11. The quadratus lumborum muscle is often related 
to lumbar dysfunctions. 


12. Scoliosis can be caused by muscle imbalances. 
Short Answers 
Write your answers on the lines provided. 


1. Which muscles assist in flexion of the trunk? 
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„ Which muscle is the primary flexor of the head 
and neck? 


10. 


What is the name of the line between the two 
sides of the rectus abdominis? 


. Which muscle of the abdomen has the primary 11. What is the name of the horizontal indentations in 
function of respiration? the rectus abdominis that give it the six-pack look? 
„ List the muscles of the abdomen superficial to 12. How should the sternocleidomastoid be 
deep. stretched and strengthened? 
„ Which muscle is made up of three groups of 13. How would one stretch the quadratus 


three muscles bilateral to the spine? 


lumborum? 


. How does the quadratus lumborum act as a sta- 
bilizing guy wire? 


. What muscle might be contracted in a head- 
forward posture? 


. What does rectus mean? 


. What head flexor does the accessory nerve 
innervate? 


Multiple Choice 


Circle the correct answers. 


îl 


The attachments for rectus abdominis are: 

a. xiphoid process; ribs 5, 6, 7; crest of pubis 
b. xiphoid process; ribs 8, 9, 10; crest of pubis 
c. sternum; ribs 5, 6, 7; iliac crest 

d. none of the above 


„ The erector spinae muscles are divided into the 


following groups: 

a. longissimus, spinalis, quadratus lumborum 
b. spinalis, serratus posterior, longissimus 

c. iliocostalis, longissimus, spinalis 

d. none of the above 


„ An increased posterior concavity of the lumbar 


spine is called what type of curve? 
a. kyphosis 
b. scoliosis 


c. lordosis 
d. bad back 


. The center of the intervertebral disk is called the: 


a. annulus fibrosus 
b. vertebral body 


c. cavity for the spinal cord 
d. nucleus pulposus 


. There are how many pairs of ribs? 

a, 12 

b. 10 

c. 8 

d. 9 

. There are how many articulating vertebrae? 

2 12 

b. 36 

c. 24 

d. 48 

. The suboccipitals consist of: 

a. rectus capitis lateralis, obliquus capitis supe- 
rior and inferior, semispinalis capitis 

b. rectus capitis posterior major and minor, 
obliquus capitis superior and inferior 

c. semispinalis, trapezius, splenius capitis, rec- 
tus capitis anterior 

d. none of the above 


. Locate the following parts of the spine on a 
human skeleton and on a partner: 


a. 
b. 
€; 
d. 
& 
f. 

g. 
h. 
ile 

je 


. Palpate the following muscles on a partner: 


Cervical vertebrae 
Thoracic vertebrae 
Lumbar vertebrae 
Spinous processes 
Transverse processes 
Sacrum 

Manubrium 

Xiphoid process 
Stemum 

Rib cage (various ribs) 


Rectus abdominis 

External oblique abdominal 
Internal oblique abdominal 
Erector spinae 
Sternocleidomastoid 


ear oo 


. Contrast crunches, bent-knee sit-ups, and 
straight-leg sit-ups. Which muscles are 
you feeling more in which exercise? 
Explain. 


10. 
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. Muscles of the thorax that are located 


between ribs and assist in respiration are 
called the: 

a. scalenes 

b. intercostals 

c. sternocleidomastoid 

d. rectus abdominis 


„ The muscles in the abdominal area connect to 


each other by: 

a. bone 

b. aponeurosis 

c. tendon 

d. adipose tissue 

The ligament that attaches the iliac crest to the 
pubic bone and allows muscular attachment is 
called the: 

a. symphysis pubis 

b. iliotibial band 

c. inguinal ligament 

d. carpometacarpal ligament 


. Have a partner stand and assume a position exhib- 


iting good posture. What motions in each region 
of the spine does gravity attempt to produce? 
Which muscles are responsible for counteracting 
these motions against the pull of gravity? 


. Compare and contrast the spinal curves of a 


partner sitting erect with those of one sitting 
slouched in a chair. Which muscles are respon- 
sible for maintaining good sitting posture? 


. Which exercise is better for the development 


of the abdominal muscles—leg lifts or sit-ups? 
Analyze each one in regard to the activity of the 
abdominal muscles. Defend your answer. 


„ Why is good abdominal muscular development 


so important? Why is this area so frequently 
neglected? 


. Why are weak abdominal muscles frequently 


blamed for lower-back pain? 


„ Prepare an oral or a written report on abdominal 


or back injuries found in the literature. 
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10. Muscle analysis chart: Fill in the chart below by 
listing the muscles primarily involved in each 
movement. 


Cervical spine 


Flexion : Extension 
Lateral flexion right : Rotation right 


Lateral flexion left : Rotation left 


Lumbar spine 


Flexion : Extension 
Lateral flexion right : Rotation right 


Lateral flexion left : Rotation left 


11. Antagonistic muscle action chart: Fill in the chart 
below by listing the muscle(s) or parts of mus- 
cles that are antagonistic in their actions to the 
muscles in the left column. 


Agonist Antagonist 


Splenius capitis 


Splenius cervicis 


Sternocleidomastoid 


Erector spinae 


Rectus abdominis 


External oblique abdominal 


Internal oblique abdominal 


Quadratus lumborum 


The Balancing Act: Structural 
Perspectives of the Head and Neck 
and Dimensional Massage Techniques 


Learning Outcomes 


After completing this chapter, you should be able to: 
14-1 Define key terms. 


14-2 Explore on a partner the origins and 
insertions of the muscles of the head and neck 
specific to this chapter. 


14-3 Organize and list the agonists and antagonists 
that produce and oppose the movements of 
the head and neck. 


14-4 Review general pathologies and conditions of 
the muscles of the head and neck. 


14-5 Discuss a treatment protocol for conditions 
of torticollis, stiff neck, whiplash, and tension 
headache. 


Headache Occipitofrontalis 


KEY 
TERMS 


Occipital nerve 


entrapment Stiff neck 


Temporalis 


Temporomandibular 
joint (TMJ) syndrome 


14-6 Demonstrate safe body mechanics. 


14-7 Practice specific techniques on the head and 
neck muscles. 


14-8 Incorporate dimensional massage therapy 
techniques in a regular routine or use them 
when needed. 


14-9 Determine safe treatment protocols and refer 
clients to other health professionals when 
necessary. 


Torticollis Wry neck 


Whiplash 


Introduction 


As people go about their daily activities, they often 
take for granted the ability to balance and move 
the head on the neck. The joints in the neck enable 
movement of the head, including rotation, flexion, 
and extension, and even lateral flexion to cradle 
a phone when the hands are occupied. However, 
a significant number of problems can interrupt 


one's ability to move the head freely. Injuries, dis- 
ease, stiff necks, headaches, compensatory muscle 
tension due to postural positions of the shoulder 
girdle, and shoulder joint actions and entrapments 
contribute to head and neck soft-tissue dysfunc- 
tion. Massage therapy can provide relief from 
much of the soft-tissue dysfunction causing re- 
duced movement and discomfort in the head and 
neck region. 
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This chapter offers a close look at the structure 
and movement of the head and neck, specific in- 
formation on the pertinent muscles in the region, 
and discussion about injuries, overuse syndromes, 
and nerve complaints. Treatment protocol and 
dimensional massage techniques are outlined and 
described for practice. 


Note: Examination of the trunk and deep tissue 
of the lower back is included in Chapter 16, follow- 
ing discussion on the hip joint and pelvic girdle in 
Chapter 15. 


Structural Perspectives of 
the Head and Neck 


Picture a bowling ball balancing on a stick. This is 
similar to how the head, which weighs approximately 
10 to 12 pounds, precariously perches on seven cer- 
vical vertebrae and disks and is supported only by 
a network of muscles, tendons, and lisamenis. The 
cervical vertebrae connect to the thoracic and lum- 
bar spines, and the trunk lends its bulk to supply a 
base for the neck. The muscles work constantly to 
support the head in its many positions. The posture 
of the shoulders, neck, and head influences the condi- 
tion and tonicity of the muscles. When the shoulders 
are rounded forward from slumping in a chair, the 
head tries to compensate for the posture by assuming 
a forward position not unlike that of a turtle sticking 
its neck out of its shell. This does, however, present a 
problem. When located in front of the body, the head 
is perceived to weigh more than it does when balanced 
on top of the spine. Gravity assists the head-forward 
posture to cause more pressure on the cervical verte- 
brae and stress on the posterior cervical muscles. The 
results over time could be increased tension, head- 
aches, muscular hypertonicity, trigger points, and 
postural acceptance of the head-forward posture. 

Regardless of the head's actual position, all the 
muscles connected to the head and/or skeletal struc- 
ture participate in its actions. The head can flex for- 
ward, side bend or laterally flex, rotate, extend, and 
hyperextend. Generally, muscles located anteriorly 
flex the head, and muscles located posteriorly extend 
the head. Muscles do not work alone; they work in 
collective groups. They are strategically placed to op- 
pose each other perfectly to create balance, offset pri- 
mary action, and support a strong structure. 

Flexion is complicated by the weight of the head, 
gravity, and the position of the head as it flexes. For 
example, when a person flexes the head forward just 
a few degrees, such as when reading a book, and then 
extends the head back slowly, the posterior cervical 
muscles are hard at work. While the head is in flex- 
ion, the posterior cervical muscles are lengthened 
or stretched, acting as brakes to prevent the head 
from falling forward. Over time, while the head is 
in this slightly flexed forward position, the posterior 
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cervical muscles play a continual tug-of-war with the 
head, building up tension in the muscles that work 
the hardest. In constant flexion, the flexors eventu- 
ally get shortened in their contracted state. It takes 
more force or muscle power to extend the head and 
counteract the action of flexion and gravity in this 
sustained position. Ii is no wonder, then, that the 
posterior cervical muscles have so much tension con- 
stantly combating flexion. 

The same principles hold true for lateral flexion. 
When the head laterally flexes, the opposite side 
prevents the head from staying in that lateral posi- 
tion. The muscles on the opposite side brake in their 
lengthened, or eccentric, state, already anticipating 
contraction, or concentric action, to return the head 
to extension or to laterally flex to the other side. 

For these reasons, it is important to use massage 
techniques on all the head and neck muscles be- 
cause they balance each other and are really part of 
the total joint action. Dimensional massage meth- 
ods look at the actions of the client and then exam- 
ine the opposing muscles: Which muscles are being 
stretched or lengthened (eccentric contraction) by 
the action? Which muscles are synergists (concentric 
contraction)? What are the primary actors or agonists, 
assistants or synergists, and opposing actors or antag- 
onists, and which muscles are constantly stabilizing 
the joint? Remember, there may not be a lot of action. 
The position of the head when it is resting on a pillow 
or when the person is reading or working at a desk 
may stress the muscles that need to provide brakes, 
stability, or action for the head and neck. This particu- 
lar aspect makes the joints and soft-tissue structures 
of the head and neck more complicated than others 
in the body. 


The Muscles 


The head's balancing act involves many muscles, 
some of which have been visited and studied in Chap- 
ter 4, on the shoulder girdle. These muscles are in- 
cluded here as a review so that students can visualize 
the movement and structure of the head and neck in 
a larger perspective. Please refer to the appropriate 
chapter to review additional information about spe- 
cific muscles. Pay particular attention to each muscle's 
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agonisis, synergists, and antagonists in the review. Ad- 
ditional muscles involved in tension headaches, stiff 
necks, and postural problems are included to enable 
a closer examination of the structure and to provide 
the reader with more information. 


TRAPEZIUS 


The trapezius is complicated because it has three 
basic sections: the upper, middle, and lower divisions. 
The upper and lower sections oppose each other as 
agonisit and antagonist—they perform opposite ac- 
tions. The trapezius also provides a profound con- 
nection between the thoracic region and the head. As 
tension increases in the shoulders because of their 
repetitive action of holding up the skeleton, the likeli- 
hood of trigger points and referred pain patterns in- 
creases. The upper trapezius will work bilaterally to 
help extend the head and therefore oppose the action 
of flexion. The middle trapezius assists the rhomboids 
to resist protraction of the shoulders. The whole tra- 
pezius provides tremendous stability for the shoulder 
girdle because the upper extremities stress the struc- 
ture with ball-and-socket joint movements. The tra- 
pezius can be involved in occipital nerve entrapment. 
It is a prominent superficial muscle that should be 
treated first in a protocol of the head and neck. 


LEVATOR SCAPULAE 


The levator scapulae elevates the scapula. If the leva- 
tor scapulae is tight, it tends to pull on the scapula; 
however, its attachments at the cervical transverse pro- 
cesses are tendons hanging on with tenuous threads. 
Bilaterally it is fairly supportive of the structure; uni- 
laterally it causes stiff neck and possible subluxations 
at the most movable vertebrae, Cl and C2. A repeti- 
tive action of elevating the scapula could result in a 
pull on the cervical vertebrae and affect the curve. The 
muscle's hypertonicity could contribute to many head- 
aches. The levator scapulae should be included in the 
treatment of muscles for any stiff-neck syndrome. 


RHOMBOIDS REVISITED 


The rhomboids do a lot to prevent the scapulae from 
protracting off into space. Because people spend so 
much time these days in sedentary positions at the 
computer, in the office, or in front of the TV, many 
suffer from poor posture. Rounded shoulders col- 
lapse the chest, make it harder if not impossible to 
take a complete breath, and lengthen the rhomboids. 
Rounded shoulders lead to a head-forward posture, 
which places a lot of stress on the posterior cervical 
muscles. See Chapter 5 for techniques for the rhom- 
boids and information about opposing contracted 
pectoralis minor and serratus anterior muscles. 


SPLENIUS CAPITIS AND SPLENIUS 
CERVICIS 


The splenius capitis and the splenius cervicis are two 
distinct muscles connecting the thoracic region to the 
cervical neck and head. They both work bilaterally 
and unilaterally. The splenius capitis attaches to the 
mastoid process underneath the sternocleidomastoid 
(SCM). Ii assists the sternocleidomastoid with later- 
ally flexing the head to the same side, but, unlike the 
SCM, it will rotate the head to the same side. Bilat- 
erally, it extends the head and therefore is in direct 
opposition to the forward flexion of the sternocleido- 
mastoid. Although the splenius cervicis performs 
the same actions as the capitis does, its attachments 
cause a different torque on the spine as it contracts. 
All the components of both muscles affect posture 
and free movement of the head and neck. They have 
the unique ability to have one side rotate the head 
while the other side extends the head, elevating the 
chin. These muscles and others are heavily involved 
and frequently injured in whiplash injuries from au- 
tomobile accidents, especially if the victim is look- 
ing out at the side-view mirror at the time of impact. 
Therapists must be sure to treat the attachments of 
these muscles at the spinous processes, as well as at 
the occiput for the splenius capitis, and treat the sple- 
nius cervicis with the levator scapulae. 


LONGISSIMUS CAPITIS 


The longissimus capitis is part of the erector spinae 
network. Although it bilaterally extends the head, it 
unilaterally flexes and rotates the head to the same 
side. Buried underneath the splenius capitis and 
sternocleidomastoid, it assists these muscles in their 
functions. This layering of muscles at the mastoid 
process and adjacent occipital bone provides a tender 
area to palpate on the lateral and posterior region of 
the head and neck. The splenius capitis should be re- 
leased first. 


SEMISPINALIS CAPITIS AND CERVICIS 


These muscles are postural supports for the head. 
They provide a structural tetherline medially to pre- 
vent the head from forever being in flexion. The semi- 
spinalis capitis fills in the gaps attaching to the occiput 
between the splenius capitis and the trapezius, which 
it supports by cushioning the trapezius underneath. 
The semispinalis capitis can entrap the greater oc- 
cipital nerve as it travels through the muscle to the 
trapezius and scalp. The semispinalis capitis and cer- 
vicis easily support the cervical spine by attaching to 
the skull and thoracic spine. If the head was a horse, 
these muscles would be considered the “reins.” 
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ROTATORES AND MULTIFIDI 


The rotatores and multifidi are deep paraspinal mus- 
cles. The rotatores connect each vertebra to each other 
from the transverse process to the superior spinous 
process. Bilaterally they help extend the spine, and uni- 
laterally they help rotate the vertebrae to the opposite 
side. Sometimes tenderness can be felt by tapping on 
the spinous vertebra to which the muscle is attached. 
The rotatores begin on C2. 

The multifidi are slightly longer muscles than the 
rotatores, and they skip a vertebra in their stretch 
from bone to bone. They also bilaterally extend the 
spine and support each other by their opposite at- 
tachments. Unilaterally, they contribute to lateral flex- 
ion and rotate the vertebrae to the opposite side. Both 
the rotatores and the multifidi make a good case for 
the massage therapist to spend time on the soft tissue 
connecting to the cervical vertebrae. 


SUBOCCIPITALS 


The suboccipitals provide posterior and medial sup- 
port for the 1st and 2nd cervical vertebrae and the 
skull. Unfortunately, they are buried under the tra- 
pezius, semispinalis, splenius capitis, and part of the 
longissimus, so they are hard to palpate and must be 
treated through layers of these soft tissues. Because 
they are perched on the most movable of the cervical 
vertebrae, they are virtually in constant states of mo- 
tion and repetitive action. 

The rectus capitis posterior minor has the mam- 
moth job of stabilization, as ii extends the head bi- 
laterally. It tries to oppose the action of flexion, but 
structurally it is too tiny for the job. It is a constant 
source of soreness and a probable source of postural 
tension headaches for many people. The rectus capi- 
tis posterior major rotates the head to the opposite 
side in addition to extending the head bilaterally. The 
obliquus capitis superior and inferior both rotate the 
head to the side of muscular activitiy and perform 
same-side lateral flexion. All of these muscles are very 
active with the rocking and tilting of the head. If the 
head is in a head-forward posture, the suboccipitals 
as a group are at risk and are highly strained. They 
are likely to be involved in any injury to the C1 and/or 
C2 regions, headaches, and postural dysfunction. 


OCCIPITOFRONIALIS 


The occipitofrontalis is a combination of the fron- 
talis and occipitalis. The scalp from the front to the 
back of the head is a highway of connecting muscle 
fibers and possible referred pain discomfori. Ii is easy 
to visualize a “tight” scalp on a client who has a ten- 
sion headache. Attached just above the eyebrows, the 


frontalis lifts the brow and wrinkles the forehead. Be- 
cause the two muscles are so integrated, it is impor- 
tant to manipulate all the soft tissue of the scalp to 
release the tight fibers. Tight posterior cervical mus- 
cles pull on the back of the head and ultimately the 
occipitalis. It makes sense to treat the occipitofronta- 
lis as a part of unwinding the neck muscles. 


TEMPORALIS 


The temporalis is an interesting muscle. It spans 
over the entire temporal fossa, which consists of the 
frontal, parietal, sphenoid, zygomatic, and temporal 
bones. It is shaped like a shell and covers the side of 
the head, extending superiorly above the ears. Because 
it inserts onto the mandible, it develops trigger points 
and pain patterns, especially in individuals who have 
temporomandibular joint (TMJ) syndrome. TMJ 
syndrome is a condition that causes pain in the jaw, 
headaches, and problems opening and closing the 
jaw. Ii is caused by trauma, teeth grinding, braces, 
dental procedures, the jaws being open too long, cer- 
vical traction, and other issues. If the capsule in the 
joint is injured or dislodged, the condition can be 
even more complicated. Individuals with TMJ may 
exhibit crepitus in the jaw and sideways movement 
of the jaw just by opening the mouth. The temporalis 
can harbor a horrific pain pattern for headache suf- 
ferers. It is also included in this chapter because of its 
proximity to the occipitofrontalis and its involvement 
with headaches. 


STERNOCLEIDOMASTOID 


The sternocleidomastoid is a powerful muscle lo- 
cated bilaterally on the anterior neck; it runs at an 
angle from the sternum and clavicle to the mastoid 
process. Bilaterally, ii flexes the head forward. It later- 
ally flexes to the same side and rotates to the opposite 
side. Because it attaches laterally at the mastoid pro- 
cess, it is capable of performing extension bilaterally 
at the atlantooccipital joint. It shares the same nerve 
as the trapezius and could possibly entrap the acces- 
sory nerve with constricted fibers. Students are often 
leery of treating the sternocleidomastoid because of 
its proximity to the carotid artery anteriorly. When the 
SCM is approached correctly, passively shortening the 
fibers and carefully working the muscle can make for 
a successful treatment of the soft tissue of the head, 
neck, and shoulders. 


In addition to the individual muscles and struc- 
tural perspectives, there are other problems that can 
contribute to head and neck issues. The following in- 
formation offers a short list of conditions. Students 
are encouraged to enhance their education with a 
complete study in pathology. 
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Injuries and Overuse Syndromes 
WHIPLASH 


Whiplash is an injury resulting from a sudden impact 
that causes a violent hyperextension of the head and 
neck followed by hyperflexion and perhaps an addi- 
tional hyperextension. Further injury from this con- 
dition can include fractures to the cervical vertebrae, 
subluxations, concussions, sprains, and strains to 
many neck muscles. Muscles involved can include the 
sternocleidomastoid, scalenes, longus colli, suboccipi- 
tals, splenius capitis and cervicis, levator scapulae, and 
many other posterior cervical muscles. Whiplash vic- 
tims must have emergency care to rule out fractures, 
concussions, and damage to the spinal cord. Some 
accident victims do not immediately seek emergency 
care because they do not feel injured directly after 
the impact. Individuals who have not been diagnosed 
medically should be referred to a medical professional 
if they seek massage therapy before undergoing a 
physical examination by a doctor. Working with whip- 
lash victims requires a team approach that includes 
diagnosis and clinical treatment, massage therapy, and 
likely physical therapy and chiropractic. 


TORTICOLLIS 


Another term for torticollis is wry neck, although the 
term wry neck often is mistaken as meaning a simple 
stiff neck. Ii refers to a spasmodic contraction of the 
neck muscles, mostly the trapezius and sternocleido- 
mastoid, since they are supplied by the spinal accessory 
nerve. An individual who presents with this problem 
cannot move the head, which appears to be stuck in a 
rotated, somewhat laterally flexed position. This con- 
dition is not an ordinary stiff neck, nor is ii caused by 
strained muscles, and ii must be diagnosed. It can be 
caused by infection or central nervous system disor- 
der, or it could be congenital. Massage may or may not 
be contraindicated, depending on severity and cause. 
It is best to work with a team of professionals from a 
holistic perspective to combat this disorder. 


HEADACHES 


A headache is defined as a diffuse pain in various areas 
of the head where the pain is not confined to the distri- 
bution of a nerve. It is, however, common for the neck 
muscles to be involved in causing headache pain. Ac- 
cording to the International Headache Society, there 
are 13 different classifications of headaches and two 
basic categories. The primary category includes clas- 
sifications of migraine, tension-type, and cluster head- 
aches. The secondary category includes headaches 
associated with structural lesions, trauma, vascular dis- 
orders, nonvascular intracranial disorders, substances 


or withdrawal from them, metabolic disorder, facial 
and cranial pain, cranial neuralgias, and headaches not 
classifiable. Physicians use these classifications for di- 
agnostic purposes. Massage therapists commonly see 
clients with headache complaints. This chapter focuses 
on the structural perspective of the head and neck and 
the result of the head-forward posture on the muscles. 
Tension headaches can be caused by shoulder tension 
as a result of repetitive action and/or posture. The tech- 
niques outlined in this chapter, especially the cranial 
holding techniques, can help relieve tension headaches. 
Research from the Touch Research Institute has shown 
that massage between headache episodes can reduce 
the number of headaches, decrease pain intensity, 
lower stress hormone levels, increase regular sleep pat- 
terns, and increase seratonin levels. Massage therapists 
should screen individuals with headaches carefully 
for contraindications and for referral. Headaches are 
symptoms of many diseases and conditions, as well as 
side effects of many medications. 


Other Soft-Tissue Issues 
STIFE NECK 


Almost everyone has woken up from sleeping in a 
funny position with a “kink” in the neck. The term 
stiff neck is a catchall for limitations in neck move- 
ments. Causes include, but are not limited to, sleep 
positions, posture, repetitive actions, compensatory 
changes from other injuries, and postoperative and 
viral infections. Neck muscles on one side of the neck 
will be contracted and stuck. Massage therapy can 
provide tremendous relief for the everyday stiff neck. 


Nerve Complaints 
OCCIPITAL NERVE ENTRAPMENT 


Occipital nerve entrapment occurs when the greater 
occipital nerve that innervates the scalp and in particu- 
lar the occipitalis becomes entrapped by muscular tight- 
ness and/or spasm. To reach the scalp, the nerve usually 
traverses through the semispinalis capitis and subse- 
quenily through the trapezius. Individuals who have oc- 
cipital nerve entrapment complain of numbness, pain, 
and tingling in the back of the head. This particular 
problem has been clinically treated with nerve blocks. 


SCALENES 


The scalenes are located on the anterior cervical spine 
and insert into the 1st and 2nd ribs. They are very in- 
volved in respiration, but the scalenes are also syner- 
gists to the sternocleidomastoid. Their biggest “claim 
to fame,” however, is that the brachial plexus passes 
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between the scalenus anterior and the scalenus me- 
dius. Entrapment of the brachial plexus can send a 
referred pain pattern spiraling down the upper extrem- 
ity. For that reason, these muscles may be forgotten as 
important neck muscles to treat. The scalenes are sta- 
bilizers of the cervical spine and anterior neck. They 
are also often very involved in whiplash injuries. 


Arthritis, Osteoarthritis, 
Degenerative Disk Disease, 
and Cervical Subluxations 


Remember that compression of nerves at the cervical 
level may involve arthritis, osteoarthritis, degenera- 
tive disk disease, and/or cervical subluxations. Please 
read Chapter 11 for more information on these condi- 
tions. For further anatomy and pathology study, stu- 
dents may also want to review facet syndrome and 
neurologic disorders and be knowledgeable about 
neural pathways. As stated in Chapter 11, pain, numb- 
ness, and tingling with passive movement may help 
distinguish a problem in the cervical region. When 
the massage therapist suspecis cervical involvement 
and/or nerve compression, it is appropriate to refer 
the client to a medical professional. 


Unwinding the Muscles 
of the Head and Neck 


Relieving the tension in the head, neck, and shoulders 
helps to balance the head on the neck, assists with ap- 
propriate postural alignment, supports chiropractic 
adjustments, increases range of motion, and reduces 
pain and/or soreness. How long ii takes for this process 
to happen depends on each individual situation. The 


TREATMENT PROTOCOL 


How do you unwind the neck muscles in a sequence? 

* Take a careful medical history appropriate for the client, 
look for contraindications, and refer the client to appropri- 
ate professionals if necessary. 

* Always usetreatment protocols to determine the sequence 
of a therapeutic session; assess active and passive ranges 
of motion of the neck. 

e  Palpate tissues. 

e Follow a dimensional approach, and critically think about 
the involved joints and muscles. 

e Determine pressure intelligenily; ask for feedback from the 
client. 


body needs natural time to heal and repair, and, un- 
like the extremities, the neck still has to hold up the 
head during this period. It may take several sessions 
to unwind a stiff neck. One session alone is unlikely to 
completely loosen a stiff neck, especially if any sublux- 
ations of the cervical vertebrae are present. 
Headaches are a complete study unto themselves. 
There are so many causes of headaches that a com- 
plete and separate medical history should be used just 
for the headache history. Has the client kept a head- 
ache log previously to help understand and track the 
headaches? What other modalities and medical treat- 
ments has the client pursued? It is important for the 
therapist to distinguish between migraines and ten- 
sion headaches. A client with a migraine may exhibit 
somatic symptoms of nausea, vomiting, and unilateral 
pain in the head. Once the client has progressed to 
these stages, it is unwise to increase circulation in the 
neck area. Most individuals who have a migraine do 
not want to be touched but, instead, seek dark, quiet 
areas. Ii is more beneficial to work on clients when 
they are not experiencing migraines and are not in 
the throes of severe pain. Therapists should not work 
on individuals who present with high blood pressure 
and a headache; they should refer such clients to a 
medical professional. Additionally, therapists should 
avoid working with a new client who is experiencing 
a headache. Ii would be torture for a client with a 
headache to complete medical history forms, think, 
and/or talk. Reschedule the client to a time when the 
appropriate health history information can be ob- 
tained and intelligent decisions about treatment goals 
can be made. Successfully working with clients with 
headaches requires a careful approach, complete in- 
formation, good observation skills, critical thinking, 
excellent palpations, and appropriate techniques. 


e Work superficial to deep. 
e Visit all the muscles possibly involved in the problem. 
e Visit all the attachments of the involved muscles. 


«  Passively shorten muscles whenever possible with tech- 
niques to decrease tension. 


* Do not overwork sore areas. 
* Allow time for rest after îhe treatment. 
+ See the techniques below for additional suggestions. 
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Sequence for a Tension Headache 


The environment of the treatment area is important 
when the therapist is seeing a client with a tension 
headache. There should be no heavy smells. Use un- 
scented lubrication, and work in a room with clean 
air. Incense, sweet flowers, or scented oils or candles 
might make the headache sufferer nauseous. Make 
sure the room is fairly dark. Block out direct sunlight, 
and turn off fluorescent lights. Do not play music un- 
less the client asks for it—you cannot guarantee that 
the client will like it, and the sound may reverberate 
with the throbbing of a headache. A cold washcloth 
over the eyes is a nice touch at the end of the treat- 
ment as the client rests with the cervical roll. 


Dimensional Massage Therapy for 
the Muscles of the Head and Neck 


The techniques presented below can be used as a com- 
plete sequence for a tension headache or be incorpo- 
rated into other treatment sequences. Prepare well 
for working with someone with a headache. Wash 
your hands and forearms for several minutes. Take 
time for centering and grounding. Lay the person su- 
pine with a bolster under the knees and a cervical roll 
under the neck, if appropriate, when not working on 
the neck. Comfort and warmth are very important. 
Dont forget to breathe. Always ask the client where 
the discomfort or pain is located. Begin with soft, 
soothing strokes on the face. 


SUPINE BODY POSITION 


Check the shoulders for roundness, position, and un- 
equal height. Reach under the back and pull the scap- 
ulae in a superior direction. Palpate for hypertonic 
muscles. Passively shorten area muscles whenever 
possible. Hold the clients head in your hands, and 
apply your fingers to below the occipital ridge. Push 
the chin up slightly with the palms of your hands. 
Palpate the whole ridge area. Follow the sequence 
below. 


TECHNIQUES DURING A TENSION 
HEADACHE 


Circular Friction on the Frontalis 


A safe place to start is on the face. Apply soft, sooth- 
ing strokes to activate the relaxation response. Try 
not to do anything startling or jerky; strokes must be 
sedative and rhythmic. Use circular friction on the 
frontalis over the frontal bone. Position the pads of 
your fingers on the frontalis just above the eyebrows. 
The pads of your right-hand fingers should go in a 


FIGURE 14.1 Circular friction on the frontalis 


clockwise direction, while the pads of your left-hand 
fingers should travel in a counterelockwise direction. 
Work your way up toward the hairline with your 
strokes. (See figure 14.1.) 


Circular Friction on the Temporalis 


Lighten your pressure, and use a circular motion over 
the temple region with the pads of your fingers. Ex- 
plore this region for tight fibers and tender areas. The 
temporalis is attached to the mandible and often is 
responsible for headaches. (See figure 14.2.) 


Holding Techniques 


Periodically during the treatment apply a gentle pull 
to the head superiorly. Place your fingers on the tem- 
poral region, straddling the clients ears on both sides 
of the head. Apply a good amount of pressure, and 
gently pull toward your body and hold. Ask the client 


FIGURE 14.2 Circular friction on the temporalis 
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Gentle hold 


if this relieves the pain in any way. Relax and reposi- 
tion your hands during the treatment to relieve the 
stagnant position of your hands. (See figure 14.3.) An- 
other way to help frontal pain is to place your thumb 
on one side of the temple just above and to the side of 
the eyebrow and place your middle-finger pad on the 
opposite side. From this position you can lift up and/ 
or toward you superiorly. Your other hand should be 
cradling the occiput so that your palm is on one side 
of the head and the fingers are on the other. This is 
another holding technique. (See figure 14.4.) These 
techniques are a variation of an approach, not par- 
ticular cranial techniques. 

The amount of time you spend holding depends 
on the relief of pain the client feels. Speaking softly, 
check frequently with the client. Ask if your tech- 
niques change the pain or subdue it. Often the pain 
will travel and change locations. Continue to apply 
the techniques that relieve the clients pain. 


Circular Friction on the Occipitofrontalis 
and Scalp Muscles 


Use circular friction on the scalp muscles. Work all 
over the scalp muscles, front to back. Often the oc- 
cipitofrontalis will be extremely tighi. Stari on the 
frontalis just over the eyebrows with circular friction, 
and work your way back over the whole area, includ- 
ing the temporalis. Make sure you are engaging the 
scalp muscles and not just “rubbing” hair. Strip and 
lengthen the fibers of the temporalis in its shell-like 
shape by drawing your fingers toward you from the 
ears. Start closest to the eyes, and work your way 
around the ears in a posterior direction, following 
the direction of the fibers. Work both muscles at the 
same time. Occasionally, as you get to the ends of the 
lengthened fibers, hold the stretch and keep your fin- 
gers in place. Check with the client to see if this re- 
lieves the tension. (See figure 14.5.) 


Circular Friction on the Occipital Ridge 


Place the clients head in the palms of your hands. 
With the pads of your fingers, perform circular fric- 
tion all along the muscles of the occipital ridge. Pay 
particular attention to the levels of tension here. In 
the medial area where the trapezius attaches, note 
whether it is tight or relaxed and if it is tight deep to 
the trapezius. Think about the muscles you are treat- 
ing. (See figure 14.6.) 


Alternating-Hands Neck Stretch 


The  alternating-hands neck stretch should help 
loosen the superficial layers of tissue. Start at the 
base of the neck, cupping the cervical spine with one 
hand, and stroke with pressure in a superior direction 
up to the atlas-axis area. The other hand will replace 
the superior hand at the cervical base and repeat the 


Temple lifi 


Circular friction on the scalp muscles 


chapter 14 The Balancing Act: Structural Perspectives of the Head and Neck and Dimensional Massage Techniques 301 


Circular friction on the occipital ridge 


directional stroke. Keep your hands under the client's 
neck, and repeat the alternating strokes a few times. 
When this stretch is done correctly, the cervical spine 
will slightly arch as the hands are alternately drawn 
toward the head. (See figure 14.7.) 


Hands under the Back—Connecting the Trapezius 


This technique connects the lower trapezius with the 
upper trapezius and lengthens fibers of the erectors. 
Place your hands under the back, and push down on 
your forearms to slide down to the lower thoracic 
spine. Stroke superiorly using any combination of ef- 
fleurage, vibration, and circular friction. End with a 
little traction on the occipital ridge. For extra pressure, 
keep your fingers stiff. Repeat several times. Note: Do 
not try to Lift the client, and do not do this technique if 
the client is physically too large. Never sacrifice your- 
self to a technique. (See figures 14.8 and 14.9.) 


Alternating-hands neck stretch 


Hands under the back 


Edging the Upper Trapezius 


Place one hand under the clients neck at a right 
angle to the spine, and locate the superior edge 
of the upper trapezius with your fingers. Slide the 
other hand under the trapezius so that your thumb 
rests on the anterior edge of the upper trapezius, 
making a slight pincer palpation. At the same time, 
draw the thumb and fingers together to hold the 
muscle mass. Edge the thumb toward the clavicle 
while drawing your fingers in a superior direction. 
The two hands will be going in opposite directions 
that will stretch this edge of the upper trapezius. 
(See figure 14.10.) 


Effleurage around the Shoulders 


Effleurage around the shoulders and up the poste- 
rior neck. Start with the fingers of both hands point- 
ing toward each other in the flat area inferior to the 


N li 


Traction on the occipital ridge 
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Edging he upper irapezius 


clavicle bilaterally. Stroke with a smooth glide, and 
complete contact around the deltoids and up the 
sides of the trapezius to the occipital ridge. At the end 
of the stroke, give a little traction to the ridge. Use this 
stroke frequently during the routine to connect the 
shoulders to the head. It is easier to stand to do this 
technique effectively. Stand with one leg behind you 
for balance and stability, and use your bodys momen- 
tum for strength. (See figure 14.11.) 


Petrissage of the Trapezius 


Turn the head to the side slighrly. Petrissage the 
trapezius with one hand, while bracing the head 
with the forearm and grasping the trapezius with 
the other hand. You might have to bend the client's 
elbow to relax the trapezius a bit more. This will 
make ii easier to release the fibers if the muscle is 


Effleurage around the shoulder 


Petrissage of the trapezius 


not lengthened. Next, petrissage the trapezius bilat- 
erally, either at the same time or in an alternating 
side-to-side motion. Keep the strokes flowing from 
one action to the next without losing contact or flow. 
(See figure 14.12.) 


Opposite-Side Petrissage of the 
Trapezius—Combing the Trapezius 


Place your inferior hand under the clients head, and 
grasp the opposite trapezius. Use your fingers to “comb” 
and pull on the trapezius while your thumb completes 
a circular friction between the spine and the scapula. 
Use your superior hand to brace the head while you 
complete the technique. Repeat on the opposite side. 
(See figure 14.13.) 


Closed-Palm Shaping 


Make a relaxed, loose fist with the dorsal side of your 
hand, and while you support the other side of the 


Opposite-side petrissage of the trapezius 
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Closed-palm shaping of the trapezius 


client's head with your forearm, stroke posterior to 
the sternocleidomastoid back and forth in a superior 
and inferior direction. Pay careful attention to shap- 
ing your hand to the clients structure. Lean into the 
stroke rather than using hand force, and use care, 
as always, to engage the tissues with an appropriate 
pressure. (See figure 14.14.) 


Knuckling 


With loose fists, move your hands in a circular mo- 
tion on the trapezius bilaterally close to, but not on, 
the spine and away from the shoulder bones. Make 
sure that the clients upper arms are in a relaxed bent- 
elbow position to release tension in the trapezius as 
much as possible. Conform your hands to the shape 
of the structure, and lean into your strokes. Never use 
a tight, tense fist or press into the tissues. 


Cervical Work 


While holding the clients head with one hand above 
the cervical spine, strip the muscles parallel to the 
spinous processes from the atlas to C7. Repeat on the 
opposite side of the head, exchanging your hands to 
hold the head. You can use your thumb in this stroke, 
or you can straddle the spine and use your thumb on 
one side and your curled index finger on the other 
side. Apply some circular friction on as much soft tis- 
sue as possible all along the cervical spine. Your fin- 
gers should be between the spinous processes and the 
transverse processes. (See figure 14.15.) 


Neck Stretch to the Side 


First, gently rotate the clients head laterally. Position 
yourself just to the side of the table at the head. Place 
one hand on the shoulder and one hand on the back 
of the head. Slide the hand from the shoulder to the 
head. Take the other hand off the head and place it 
on the shoulder, and stretch, glide, and stretch again 


Cervical work 


as you stroke alternately while stretching. Move your 
lower body with this stroke for better body mechan- 
ics. (See figure 14.16.) 

Repeat either the alternating-hands neck stretch or 
effleurage of the clients shoulders. 


The Neck Rock 


Support the clients head in the palms of your hands, 
and place your finger pads under the occipital ridge. 
In an alternating motion, push up with your fingers 
and stretch the head back, pulling on the ridge with 
the fingers. The client must not try to help you accom- 
plish this technique; it is successful only if the head 
remains passive. (See figure 14.17.) 


Treating the Sternocleidomastoid 


Assess how tight the sternocleidomastoid is bilater- 
ally. Laterally tilt the clients head toward the shoulder, 
and slightly flex the head forward. On the side clos- 
est to the shoulder, repeatedly strip the fibers of the 


Neck stretch to the side 
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Neck rock 


sternocleidomastoid from the mastoid process for a 
couple of inches toward the clavicle and sternum. Apply 
deep transverse friction or apply circular friction at the 
origins of the muscle on the sternum and clavicle. Jos- 
tle the length of the muscle, and work the muscle fibers 
between your thumb and index finger. Apply a pincer 
palpation to the trigger points in the muscles. Check 
with the client for the appropriate pressure; these trig- 
ger points can be exquisitely painful, and some might 
refer pain to the head. Remember to stretch the muscle 
after you treat the trigger points. Repeat the routine on 
the opposite sternocleidomastoid. (See figure 14.18.) 


Scalenes 


Lift the back of the clients head with one hand. Lat- 
erally flex the head toward the shoulder that you are 
working. Place your thumb behind the sternocleido- 
mastoid on the same side, and glide inferiorly toward 
the 1st and/or 2nd rib as you continue to flex the 
head forward. Repeat several times. This technique 


Treating ihe sternocleidomastoid 


R 
(b) End stroke 


Stripping the scalenes 


can be omitted for treatment of a tension headache. 
(See figure 14.19.) Note: In a classroom, any work on 
the scalenes should be supervised by an experienced 
instructor. 


Now that all the superficial and some deeper-layer 
muscles have been treated and relaxed, the deeper 
posterior cervical muscles should be next to unwind 
if the client does not have a headache. If the client 
does have a headache, and the routine thus far has 
helped the headache to subside, the routine is over. 
Working deeply on these muscles might make the 
headache return with a vengeance, so check with the 
client and proceed with caution. 


Treating the Deeper Posterior Cervical Muscles 


The mastoid process is a hotbed of attachments. The 
sternocleidomastoid has already been treated. The 
splenius capitis and the longissimus lie underneath 
and posterior to the sternocleidomastoid. Angle the 
client's head so that these muscles are somewhat re- 
laxed, and strip away from the mastoid process in 
the long fibers of the muscles. Apply circular friction 
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FIGURE 14.20 Treating the deeper posterior cervical muscles 


and deep transverse friction to the attachments of the 
fibers on the mastoid process and the occiput. Treat 
the opposite side of the head. (See figure 14.20.) 


Treating the Rectus Capitis Posterior 
Minor and Major 


With the clients head nestled in the palm of your hands, 
curl your fingers under the occiput and apply circular 
friction all along the ridge. In the center of the occipital 
region, connecting to the spinous process of the atlas, 
is the rectus capitis posterior minor. Locate the supe- 
rior attachment of this tiny muscle. With one or two 
fingers, deeply strip toward the atlas in the direction 
of the fibers. The muscle dips in at an angle, and you 
will not be able to palpate the C1 spinous process. The 
first spinous process you feel will be C2. Remember 
that you are pressing through the trapezius and semi- 
spinalis capitis, so be pressure-specific. Check with the 
client, as the rectus could have a horrific pain pattern. 
Apply deep transverse friction or use just circular fric- 
tion on the rectus capitis posterior minor. Immediately 
lateral to the minor is the rectus capitis posterior major. 
Strip this muscle, and apply deep transverse friction or 
use circular friction on the attachments. The major ex- 
tends to the spinous process of the axis (C2). 


Other Suboccipitals 


Locate the transverse processes of the atlas. Often 
headache sufferers may have an unbalanced atlas 
when one side or the other is held tighter by the mus- 
cles attaching to it. The culprits may be the obliquus 
capitis superior and obliquus capitis inferior. These 
two muscles form the sides and peak of the upside- 
down house of the suboccipitals. If you tilt the client's 
head and work on the shortened side, you can strip the 
obliquus capitis superior (side of the house) and apply 
deep transverse friction to the fibers. While the head 


is still tilted, locate the peak of the house, the obliquus 
capitis inferior, which connects the transverse process 
of the atlas to the spinous process of the axis. Strip and 
apply deep transverse friction to the obliquus capitis 
inferior. Repeat on the opposite side, starting with tilt- 
ing the head in the opposite direction. Often, treat- 
ing these muscles will allow the atlas to gently rotate 
back into place by itself. Remember that there is no 
adjustment involved with this technique. The relaxed 
muscles will do their own “adjusting” of the area, so 
let nature take its course. Physical adjustmenis must 
be administered by qualified professionals. Refer the 
client to an appropriate practitioner when necessary. 


Finishing Strokes 


Finish with an effleurage around the clients shoul- 
ders. Rest your hands on the shoulders for a few mo- 
ments to signal your finish. Make sure the client rests 
on the table after the treatment. Place a cold cloth 
over the eyes, if necessary, and a cervical roll under 
the neck. Do not apply heat to the face or follow with 
a sauna or hot tub. Too much stimulation may cause 
the headache to return. Do not place a client with a 
headache prone on the table, even if it appears that 
you have helped the headache subside in the supine 
position. The prone position is an invitation for the 
headache to return, probably due to the pressure of 
the face in the face cradle. 


Cervical Roll 


Take a regular hand towel and fold it lengthwise to- 
ward the center. Allow about an inch gap for the cervi- 
cal spine. Start at one end and roll the towel. It should 
be only large enough to support the cervical spine in 
a natural curve and not large enough to Lift the head 
off the table. Place the cervical roll under the neck in 
a supine position. (See figure 14.21.) 


FIGURE 14.21 


Cervical roll 
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Introduction 


vw The head and neck are a harmony of balance and 
movement. 


w Structure, positions of the head, and repetitive action 
are at fault for overuse syndromes and soft-tissue dys- 
functions. 


w Physical trauma also causes problems for the head and 
neck. 


w Massage therapy can provide a great deal of relief for 
sofi-tissue dysfunctions of the head and neck. 


Structural Perspectives of the Head and Neck 

w The head performs a balancing act on seven cervical 
vertebrae and disks that depends on the muscles, ten- 
dons, and ligaments of the head and neck for additional 
support. 

w The thoracic and lumbar spines support the head, and 
the trunk supplies a base. 

vw Rounded shoulders can lead to a head-forward 
posture. 


vw Head-forward posture causes excessive stress on the 
posterior cervical muscles. 


The Muscles 

v Individual muscles that should be treated for various 
soft-tissue problems include îhe trapezius, levator 
scapulae, rhomboids, splenius capitis and cervicis, 
longissimus capitis, semispinalis capitis and cervicis, 
rotatores, multifidi, suboccipitals, occipitofrontalis, tem- 
poralis, and sternocleidomastoid. 


Injuries and Overuse Syndromes 

v Whiplash is an injury resulting from a violent impact. 

v Torticollis is a spasmodic condition of the neck that can 
prevent movement and cause pain and discomfort. 

w Tension headaches can be caused by posture and re- 
petitive action of the head and neck. 

vw Massage therapy can help relieve discomfort from 
tension-type headaches. 


Other Soft-Tissue Issues 


w Massage therapy techniques can help the “everyday” 
stiff neck. 


Nerve Complaints 
w The greater occipital nerve can be entrapped by the 
trapezius and semispinalis capitis. 


w The scalenes can entrap the brachial plexus. 


Arthritis, Osteoarthritis, Degenerative Disk Disease, and 

Cervical Subluxations 

w Arthritis, osteoarthritis, degenerative disk disease, and 
cervical subluxations can contribute to nerve com- 
plaints. 


Unwinding the Muscles of the Head and Neck 

w Massage therapy is a good choice for relieving tension 
in the head, neck, and shoulders. 

vw Follow a dimensional approach, and critically think 
about the involved joints and muscles. 

vw” Always use treatment protocols to determine the se- 
quence of a therapeutic session. 


vw Refer clients to appropriate professionals when neces- 
sary. 


Sequence for a Tension Headache 

vw Prepare the environment well to work with a client with a 
tension headache. 

w Approach techniques methodically, unwinding soft tis- 
sue superficially to deep. 


v Allow time for rest following a treatment for a tension 
headache. 


Dimensional Massage Therapy for the Muscles of the 

Head and Neck 

w The techniques can be used as a complete sequence 
for a tension headache or be incorporated into other 
treatment sequences. 


vw Always practice good centering and grounding tech- 
niques. 
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True or False 


Write true or false after each statement. 


ile 
e 


10. 


The rhomboids have no effect on posture. 

The rotatores and multifidi are superficial 

muscles. 

. The sternocleidomastoid rotates to the same 
side. 

. The scalenes can entrap the brachial plexus. 

. Tension headaches can be caused by posture and 
hypertonic muscles. 

. Gravity assists the posterior cervical muscles in 
extension. 

. The levator scapulae and splenius cervicis both 
attach to transverse processes of the upper cervi- 
cal vertebrae. 

. The accessory nerve innervates all the posterior 
cervical muscles. 

. The longissimus capitis is an erector spinae 

muscle. 

The rotatores and multifidi are deep paraspinal 

muscles. 


Short Answers 


Write your answers on the lines provided. 


1 


„ Name the suboccipitals. 


. Explain why a head-forward posture applies 


pressure to the posterior cervical muscles. 


. What nerve innervates the sternocleidomastoid? 


. The rectus capitis posterior major attaches to 


what bones? 


. What is the definition of a headache? 


. What muscles might entrap the brachial plexus? 


2 


. What three muscles are on or quite near the 
mastoid process? 


. What muscles might entrap the greater occipital 


nerve? 


3 


„ What tiny muscle is a posterior muscle but is re- 
ally not designed for extension of the head? 


10. 


Why is it important to work on the shoulder 
girdle muscles first? 


308 part 3 Trunk 


11. Why would a therapist take a medical history 
of an individual who is presenting with a head- 
ache? 


12. Should a therapist refer a client who has a head- 
ache and high blood pressure? 


Multiple Choice 


Circle the correct answers. 


1. The splenius capitis and cervicis have the unique 


ability to: 
a. flex the head 
b. rotate the head and extend the head from op- 
posite sides of the muscle 
c. extend the head only 
d. none of the above 
2. The suboccipitals include: 
a. rectus capitis superior minor and major and 
obliquus capitis superior and inferior 
b. sternocleidomastoid, splenius capitis, and 
cervicis 
c. semispinalis 
d. allofthe above 
3. The trapezius could entrap: 
a. the accessory nerve 
b. the ulnar nerve 
c. the greater occipital nerve 
d. none of the above 
4. Temporomandibular joint syndrome is: 
a. a problem with the jaw in closing or opening 
the mouth 
lack of movement in the upper cervicals 
c. nota problem at all 
d. a disease ofthe oral cavity 


5. 


10. 


Whiplash victims need to be: 

a.  massaged right away 

b. examined first by a physician 

c. given elaborate range-of-motion stretches 
d. none ofthe above 


. Muscles involved in whiplash might include: 


a. rectus femoris, biceps femoris, and quadra- 
tus lumborum 


b. sternocleidomastoid, splenius capitis and 
cervicis, and scalenes 


c. sternocleidomastoid only 
d. none ofthe above 


. Treatment protocol for working on the head and 


neck is to: 

a. start prone and work only on the back 
muscles 

b. start in a supine position and work superfi- 
cial to deep 

c. work on the lower extremity first 

d. go as deep as you can right away 


. Posterior cervical muscles: 


a. flex the head 

b. extend the head and neck bilaterally 
c. do nothing to the head and neck 

d. none ofthe above 


. Regular massage for a person who suffers from 


headaches could: 


a. reduce the number of headaches, reduce 
pain levels, increase seratonin levels, and 
reduce stress hormones 


b. increase stress hormones and increase 
headaches 


c. do nothing for the client 
d. none ofthe above 
If a client presented with an undiagnosed pain 


in the neck and had just had an accident, you 
would: 


a. massage the client and make repeated ap- 
pointments 
make an appropriate referral 


c. examine the neck by having the client do 
complete range of motion 


d. do nothing 


chapter 14 The Balancing Act: Structural Perspectives of the Head and Neck and Dimensional Massage Techniques 309 


„ Locate the bony landmarks of the cervical verte- 
brae on a partner. 


„ Locate on a partner the origins and insertions 
of the muscles discussed in this chapter and in 
Chapter 13. 


. Demonstrate how to passively shorten the flexors 
and extensors of the head and neck on a partner. 


„ Demonstrate passive range of motion of the head 
and neck with a partner. 


„ Demonstrate active range of motion of the head 
and neck with a partner. 


10. 


. List which muscles are agonists and synergists 


for flexion of the head and neck. 


. List which muscles are agonists and synergists 


for extension of the head and neck. 


. Describe how you would work on a client who 


has a tension headache. 


„ Practice dimensional techniques individually 


and in a sequence on a partner. 


Explain the precautions you would take if a cli- 
ent presents with a headache. 
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The Hip Joint 
and Pelvic Girdle 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


15-1 Define key terms. 15-5 Demonstrate all the active and passive 
15-2 Identify on a human skeleton selected LOVE ES of the hip joint and pelvic girdle 
bony features of the hip joint and pelvic with a partner. 
girdle. 15-6 Palpate the muscles of the hip joint and pelvic 
15-3 Label on a skeletal chart selected bony girdle, including attachments, on a partner. 
features of the hip joint and pelvic girdle. 15-7 Organize and list the agonists, antagonists, 
15-4 Draw on a skeletal chart the individual and synergists that produce movement of the 
muscles of the hip joint, including origins hip joint and pelvic girdle. 
and insertions. 15-8 Practice flexibility and strengihening exercises 
for each muscle group. 
Acetabular femoral Gerdy's tubercle Iliotibial tract Obturator nerve Rectus femoris 
joint Gluteus maximus Ilium Pectineus Sacroiliac joints 
KEY Acetabulum Gluteus medius Ischial tuberosity Pelvic bones Sacrum 
TERMS Adductor brevis Gluteus minimus Ischium Peroneal nerve Sartorius 
Adductor longus Gracilis Lesser trochanter Piriformis Sciatic nerve 
Adductor magnus Greater trochanter Linea aspera Psoas major Symphysis pubis 
Femoral nerve Hamstrings Lumbosacral plexus Psoas minor Tensor fasciae latae 
Gemellus inferior lliacus Obturator externus Pubis Tibial nerve 
Gemellus superior Iliopsoas Obturator internus Quadratus femoris 


two sides of the ilium and creates a wide base 
for the larger lumbar vertebrae. Muscles span, 


Introduction 


In the anatomical puzzle that is the human body, 
the pelvic girdle provides a sturdy foundation for 
the trunk and spine. The sacrum fits between the 
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like guy wires, from the ribs and vertebrae to the 
hip and pelvic bones. The structure of the trunk, 
spine, and pelvic girdle lends stability to the 


weight of the trunk. As the body ages, the weight 
of the trunk wears down the quality of the disks 
between the vertebrae, especially in the L4, L5, 
and Sl areas, making this region susceptible to 
dysfunction. Poor body mechanics, weak core 
muscles, trauma, and improper lifting postures 
make this area the weakest link in the mechanical 
musculoskeletal chain. 

The vertebrae and the pelvic girdle provide at- 
tachments for muscles that have action on the hip 
joint. For the lower extremities to be involved in 
locomotion, muscles must attach to the trunk and 
pelvic girdle and extend to the femur. Similar to 
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the ball-and-socket joint of the shoulder, the hip 
joint, or acetabular femoral joint, enjoys the 
entire free range of movements that the shoulder 
does. The difference between the two joints is that 
the distal end of the lower extremity is constantly 
concussing with the ground or floor, whereas the 
upper extremity often has an open kinetic chain. 
Gravity anchors the lower extremity in move- 
ment, and it gives the feet more stability and pro- 
vides balance to the bodys structure. Because of 
its bony architecture, strong ligaments, and large, 
supportive muscles, the lower extremity depends 
on the hip joint to be relatively stable. 


Bones 


The hip joint is a ball-and-socket joint that consists 
of the head of the femur connecting with the cup- 
shaped acetabulum of the pelvic girdle (figure 15.1). 
The femur (figure 15.2) projects out laterally from 
its head toward the greater trochanter and then 
angles back toward the midline as it runs inferiorly 
to form the proximal bone of the knee. It is the lon- 
gest bone in the body. The pelvic girdle consists of 
a right and left pelvic bone joined together posteri- 
orly by the sacrum. The sacrum can be considered 
an extension of the spinal column with its five fused 
vertebrae. Extending inferior to the sacrum is the 
coccyx. The pelvic bones consist of three bones: the 
ilium, the ischium, and the pubis (figure 15.3). At 
birth and during growth and development, these are 
three distinct bones. At maturity, they fuse to form 
one pelvic bone. 


llium 
Anterior 


superior 
iliac spine 
Anterior inferior 
iliac spine 

Spine 


Ischium 


Body 
Ramus 


Ă Superior ramus 
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FIGURE 15.1 The pelvis, anterosuperior view 


The pelvic bone can be divided roughly into three 
areas, starting from the acetabulum: 


* Upper two-fifths = ilium 
e Posterior and lower two-fifths = ischium 
e Anterior and lower one-fifth = pubis 


In studying the muscles of the hip and thigh, it is 
helpful to focus on the important bony landmarks, 
keeping in mind their purpose as key attachment points 
for the muscles. The anterior pelvis provides points of 
origin for the muscles generally involved in flexing the 
hip. Specifically, the tensor fasciae latae arises from 
the anterior iliac crest, the sartorius originates on the 
anterior superior iliac spine, and the rectus femoris 
originates on the anterior inferior iliac spine. Laterally, 
the gluteus medius and gluteus minimus, which ab- 
duct the hip, originate just below the iliac crest. Poste- 
riorly, the gluteus maximus originates on the posterior 
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FIGURE 15.2 The right femur and patella 
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(a) Lateral view 


FIGURE 15.3 The ilium, ischium, and pubis 


iliac crest, as well as the posterior sacrum and cocceyx. 
Posteroinferiorly, the ischial tuberosity serves as the 
point of origin for the hamstrings, which extend the 
hip. Medially, the pubis and its inferior ramus serve 
as the point of origin for the hip adductors, which 
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(b) Medial view 


include the adductor magnus, adductor longus, ad- 
ductor brevis, pectineus, and gracilis. 

The proximal thigh generally serves as a point ofin- 
sertion for some of the short muscles of the hip and as 
the origin for three of the knee extensors. Most notably, 


the greater trochanter is the point of insertion for all 
the gluteal muscles and most of the six deep external 
rotators. Although not palpable, the lesser trochanter 
serves as the bony landmark on which the iliopsoas in- 
serts. Anteriorly, the three vasti muscles of the quadri- 
ceps originate proximally. Posteriorly, the linea aspera 
serves as the insertion for the hip adductors. 

Distally, the patella serves as a major bony land- 
mark, attaching all four quadriceps muscles by the 
patellar tendon and inferiorly inserting on the tibial 
tuberosity. The remaining hip muscles insert on the 
proximal tibia or fibula. The sartorius, gracilis, and 
semitendinosus insert on the upper anteromedial 
surface of the tibia just below the medial condyle, 
after crossing the knee posteromedially. The semi- 
membranosus inserts posteromedially on the medial 
tibial condyle. Laterally, the biceps femoris inserts 
primarily on the head of the fibula, with some fibers 
attaching on the lateral tibial condyle. Anterolater- 
ally, Gerdy's tubercle provides the insertion point 
for the iliotibial tract of the tensor fasciae latae. 


Joints 


In the anterior area, the pelvic bones join to form the 
symphysis pubis, an amphiarthrodial joint. In the 
posterior area, the sacrum is located between the two 
pelvic bones and forms the sacroiliac joints. Strong 
ligaments unite these bones to form rigid, slightly 
movable joinis. The bones are large and heavy, and 
for the most part they are covered by thick, heavy 
muscles. Very minimal oscillating-type movements 
can occur in these joints, such as those in walking 
or in hip flexion when lying on one's back; however, 
movements usually involve the entire pelvic girdle and 
hip joints. In walking, there is hip flexion and exten- 
sion with rotation of the pelvic girdle, forward in hip 
flexion and backward in hip extension. Jogging and 
running result in faster movements and in a greater 
range of movement. 

Sports skills such as kicking a football or soccer 
ball provide other good examples of hip and pelvic 
movements. Pelvic rotation helps increase the length 
of the stride in running; in kicking, it can result in a 
greater range of motion, which translates to a greater 
distance or more speed to the kick. 

Except for the glenohumeral joint, the hip is one of 
the most mobile joints of the body, largely because of 
its multiaxial arrangement. Unlike the glenohumeral, 
the hip joint's bony architecture provides a great deal 
of stability, resulting in relatively few hip joint sublux- 
ations and dislocations. 

The hip joint is classified as an enarthrodial-type 
joint and is formed by the femoral head inserting into 
the socket provided by the acetabulum of the pelvis 
(figure 15.4). Iis extremely strong and dense ligamen- 
tous capsule reinforces the joint, especially anteriorly. 
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FIGURE 15.4 Hip joint 
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FIGURE 15.5 Active motions ofihe hip 


Anteriorly, the iliofemoral, or Y ligament, prevents 
hip hyperextension. The teres ligament attaches from 
deep in the acetabulum to a depression in the head of 
the femur; it slightly limits adduction. The pubofemo- 
ral ligament is located anteromedially and inferiorly 
and limits excessive extension and abduction. Poste- 
riorly, the triangular ischiofemoral ligament extends 
from the ischium below to the trochanteric fossa of 
the femur; it limits internal rotation. 

Although there is some disagreement about the exact 
possible range of each movement in the hip joint, the 
ranges are generally 0 to 130 degrees of flexion, 0 to 
30 degrees of extension, 0 to 35 degrees of abduction, 


90* 


ROTATION 


0 to 30 degrees of adduction, 0 to 45 degrees of inter- 
nal rotation, and 0 to 50 degrees of external rotation 
(figure 15.5). 

The pelvic girdle moves back and forth within 
three planes for a total of six different movements. 
To avoid confusion, it is important to analyze the 
pelvic girdle activity to determine the exact loca- 
tion of the movement. All pelvic girdle rotation ac- 
tually results from motion at one or more of the 
following locations: the right hip, the left hip, and/ 
or the lumbar spine. Although it is not essential for 
movement to occur in all three of these areas, it 
must occur in at least one for the pelvis to rotate 


TABLE 15.1  Motions Accompanying Pelvic Rotation 
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Pelvic rotation Lumbar spine motion 


Right-hip motion Left-hip motion 


Extension 
Posterior rotation Flexion 
Right lateral rotation 
Left lateral rotation 


Anterior rotation 


Lefi lateral flexion 
Right lateral flexion 
Right transverse rotation Left lateral rotation 


Left transverse rotation Right lateral rotation 


Flexion Flexion 

Extension Extension 
Abduction Adduction 
Adducition Abduction 


Internal rotation External rotation 


External rotation Internal rotation 


in any direction. Table 15.1 lists the motions at the 
hips and lumbar spine that can often accompany 


rotation of the pelvic girdle. 


Movements 


0) FLEXIBILITY & STRENGTH 


Movements of the Hip and Pelvic Girdle 


Anterior and posterior pelvic rotations occur in the sagittal or 
anteroposterior plane, whereas right and left lateral rotation oc- 
curs in the lateral or frontal plane. Right transverse (clockwise) 
rotation and left transverse (counterclockwise) rotation occur in 
the horizontal or transverse plane of motion. (See figures 15.6 
and 15.7.) 


Hip flexion 
Movement of the femur straight anteriorly from any point in the 
sagittal plane toward the pelvis. 

Hip extension 
Movement of the femur straight posteriorly from any point in 
the sagittal plane away from the pelvis; sometimes referred to 
as hyperextension. 

Hip abduction 
Movement of the femur in the frontal plane laterally to the side 
away from the midline. 

Hip adduction 
Movement of the femur in the frontal plane medially toward the 
midline. 


Hip external rotation 
Lateral rotary movement of the femur in îhe transverse plane 
around its longitudinal axis away from the midline; lateral 
rotation. 

Hip internal rotation 
Medial rotary movement of the femur in the transverse plane 
around its longitudinal axis toward the midline; medial 
rotation. 


Hip diagonal abduction 
Movement of the femur in a diagonal plane away from îhe 
midline of the body. 


Hip diagonal adduction 
Movement of the femur in a diagonal plane toward the midline 
of the body. 


Anterior pelvic rotation 
Anterior movement of the upper pelvis in which he iliac crest 
tilts forward in a sagittal plane (anterior tilt); accomplished by 
hip flexion and/or lumbar extension. 


Posterior pelvic rotation 
Posterior movement of the upper pelvis in which the iliac crest 
tilts backward in a sagittal plane (posterior tilt); accomplished 
by hip extension and/or lumbar flexion. 


Left lateral pelvic rotation 
In the frontal plane, rotation in which the left pelvis moves infe- 
riorly in relation to the right pelvis—either the left pelvis rotates 
downward or îhe right pelvis rotates upward (left lateral tilt); 
accomplished by left-hip abduction, right-hip adduction, and/or 
right lumbar lateral flexion. 


Right lateral pelvic rotation 
In the frontal plane, rotation in which the right pelvis moves 
inferiorly in relation to the left pelvis—either the right pelvis 
rotates downward or the left pelvis rotates upward (right lateral 
tilt); accomplished by right-hip abduction, left-hip adduction, 
and/or left lumbar lateral flexion. 


Left transverse pelvic rotation 
In a horizontal plane of motion, rotation of the pelvis to the body's 
lefi—the right iliac crest moves anteriorly in relation to the left iliac 
crest, which moves posteriorly; accomplished by right-hip external 
rotation, left-hip internal rotation, and/or right lumbar rotation. 


Right transverse pelvic rotation 
In a horizontal plane of motion, rotation of the pelvis to the 
body's right—the left iliac crest moves anteriorly in relation to 
the right iliac crest, which moves posteriorly; accomplished by 
left-hip external rotation, right-hip internal rotation, and/or left 
lumbar rotation. 
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FIGURE 15.6  Movemenits of the hip 


Muscles 


At the hip joint, there are seven two-joint muscles 
that have one action at the hip and another at the 
knee. The muscles actually involved in hip and pelvic 
girdle motions depend largely on the direction of 
the movement and the position of the body in rela- 
tion to the earth's gravitational forces. In addition, 
the body part that moves the most will be the part 
least stabilized. For example, when a person is stand- 
ing on both feet and contracting the hip flexors, the 
trunk and pelvis will rotate anteriorly. When a per- 
son is lying supine and contracting the hip flexors, 


Si 
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(g) Diagonal abduction 


(c) Abduction (d) Adduction 


(h) Diagonal adduction 


however, the thighs will move forward into flexion on 
the stable pelvis. 

In another example, the hip flexor muscles are used 
to move the thighs toward the trunk. But the exten- 
sor muscles are used eccentrically when the pelvis and 
the trunk move downward slowly on the femur; they 
are used concentrically when the trunk is raised on 
the femur—this movement, of course, is rising to the 
standing position. 

In the downward phase of the knee-bend exercise, 
the movement at the hips and knees is flexion. The 
muscles primarily involved are the hip and knee ex- 
tensors in eccentric contraction. 
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FIGURE 15.7  Movements ofthe pelvic girdle 


MUSCLE IDENTIFICATION 


In developing a thorough and practical knowledge 
of the muscular system, it is essential for students to 
understand the functions of individual muscles. Fig- 
ures 15.8, 15.9, and 15.10 illustrate groups of mus- 
cles that work together to produce joint movement. 
While viewing the muscles in these figures, correlate 
them with table 15.2. 


Hip joint and pelvic 
girdle muscles—location 


Muscle location largely determines the muscle action. Seven- 
teen or more muscles are found in he area (the six external 
rotators are counted as one muscle). Most hip joint and pelvic 
girdle muscles are large and strong. 


Anterior—primarily hip flexion 
Iliopsoas (iliacus and psoas) 
Pectineus 
Rectus femoris 
Sartorius 

Lateral—primarily hip abduction 
Gluteus medius 
Gluteus minimus 
Tensor fasciae latae 

Posterior—primarily hip extension 
Gluteus maximus 
Biceps femoris 
Semitendinosus 
Semimembranosus 
Lateral rotators (six deep) 

Medial—primarily hip adduction 
Adductor brevis 
Adductor longus 
Adductor magnus 
Gracilis 


The pelvis muscles that act on the hip joint may 
be divided into two regions—the iliac and gluteal re- 
gions. The iliac region contains the iliopsoas muscle 
(figure 15.8), which flexes the hip. The iliopsoas ac- 
tually is composed of three different muscles—the 
iliacus, the psoas major, and the psoas minor. The 
10 muscles of the gluteal region function primarily 
to extend and rotate the hip. Located in the gluteal 
region are the gluteus maximus, gluteus medius, 
gluteus minimus, and tensor fasciae latae and 
the six deep lateral rotators—piriformis, obturator 
externus, obturator internus, gemellus superior, 
gemellus inferior, and quadratus femoris (figures 
15.9 and 15.10). 

The thigh is divided into three compartments by 
the intermuscular septa (figure 15.11). The anterior 
compartment contains the rectus femoris, vastus 
medialis, vastus intermedius, vastus lateralis, and 
sartorius (see figure 15.8a). The hamstring muscle 
group, consisting of the biceps femoris, semiten- 
dinosus, and semimembranosus, is located in the 
posterior compartment. The medial compartiment 
contains the thigh muscles primarily responsible for 
adduction of the hip; these are the adductor brevis, 
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FIGURE 15.8 Anterior muscles of the thigh 


adductor longus, adductor magnus, pectineus, 
and gracilis (see figures 15.8a, 15.8b, and 15.9). 


Nerves 


The hip and pelvic girdle muscles are all innervated 
from the lumbar plexus and sacral plexus, known 
collectively as the lumbosacral plexus. The lumbar 
plexus (figure 15.12) is formed by the anterior rami 
of spinal nerves LI through L4 and some fibers from 
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T12. The lower abdomen and the anterior and me- 
dial portions of the lower extremity are innervated 
by nerves arising from the lumbar plexus. The sacral 
plexus (figure 15.13) is formed by the anterior rami 
of L4, L5, and SI through S4. The lower back, pel- 
vis, perineum, posterior surface of the thigh and leg, 
and dorsal and plantar surfaces of the foot are inner- 
vated by nerves arising from the sacral plexus. 

The major nerves of significance are the femoral and 
obturator nerves, which arise from the lumbar plexus 
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FIGURE 15.9  Superiicial gluteal and thigh muscles, posterior view 
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to innervate the muscles of the hip. The femoral nerve, 
as shown in figure 15.12, arises from the posterior 
division of the lumbar plexus and innervates the an- 
terior muscles of the thigh, including the iliopsoas, 
rectus femoris, vastus medialis, vastus intermedius, 
vastus lateralis, pectineus, and sartorius. It also pro- 
vides sensation to the anterior and lateral thigh and 
the medial leg and foot. The obturator nerve, as 
shown in figure 15.12, arises from the anterior divi- 
sion of the lumbar plexus and provides innervation 
to the hip adductors, such as the adductor brevis, ad- 
ductor longus, adductor magnus, and gracilis, as well 
as the obturator externus. The obturator nerve pro- 
vides sensation to the medial thigh. 

The nerves arising from the sacral plexus that 
innervate the muscles of the hip are the superior 
gluteal, inferior gluteal, sciatic, and branches from 
the sacral plexus. The superior gluteal nerve arises 
from L4, L5, and SI to innervate the gluteus medius, 
gluteus minimus, and tensor fasciae latae. The infe- 
rior gluteal nerve arises from L5, S1, and S2 to sup- 
ply the gluteus maximus. Branches from the sacral 
plexus innervate the piriformis (S1, S2), gemellus 
superior (L5, S1, S2), gemellus inferior and obtura- 
tor internus (L4, L5, S1, S2), and quadratus femoris 
(L4, L5, Sl). 

The sciatic nerve is composed of the tibial nerve 
and common peroneal (fibular) nerve, which are 
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FIGURE 15.10 Deep gluteal muscles and lateral rotators, posterior view 
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TABLE 15.2  Agonist Muscles of he Hip Joint 


Name of Muscle Origins Insertion Actions Innervations 
lliopsoas: 
psoas minor, Inner surface of ilium, Lesser trochanter Flexion of hip; lateral Lumbar nerve 
psoas major, base of sacrum of femur and shaft rotation of femur; when and femoral 
iliacus and sides of bodies just below hip is fixed, iliopsoas nerve (L2-L4) 
of last thoracic muscle pulls on verte- 
and all lumbar brae and flexes spine 
vertebrae, disks, and pelvis on thigh, 
transverse processes as in rising to a sitting 
position from supine 
Psoas minor Anterior aspect Pectineal line Transverse pelvis rotation  Lumbar nerve and 
of 12 thoracic and and iliopectineal contralaterally when ipsi-  femoral nerve (L2-L4) 
1 or 2 lumbar vertebrae eminence lateral femur is stabilized 
Sartorius Anterior superior Anterior medial condyle Flexion of hip, flexion of  Femoral nerve (L2-L3) 
iliac spine (ASIS) of tibia just below knee, lateral roiation of 
and notch just condyle thigh as it flexes hip and 
below spine knee, abduction of hip, 


Rectus femoris 


Tensor fasciae latae 


Gluteus maximus 


Gluteus medius 


Gluteus minimus 


Anterior inferior iliac 
spine (AIIS) of ilium, 
groove (posterior) 
above acetabulum 


Anterior iliac crest and 
surface of ilium just 
below crest 


Posterior one-fourth 
of crest of ilium, 
posterior surface 

of sacrum near 
ilium and fascia 

of lumbar area, 
Coccyx near ilium 


Outer surface of ilium 
just below crest 


Outer surface of ilium 
below origin of gluteus 
medius 


Superior aspect of 
patella and patel- 
lar tendon to tibial 
tuberosity 


lliotibial tract on thigh 
one-fourih of way down 
(liotibial tract inseris 
into Gerdy's tubercle 

of anterolateral tibial 
condyle.) 

Gluteal line of femur 
and iliotibial tract 


Greater trochanter of 
femur, posterior and 
middle surfaces 


Anterior surface of 
greater trochanter of 
femur 


anterior pelvic rotation 


Flexion of hip, extension 
of knee, anterior pelvic 
rotation 


Flexion of hip, horizontal 
abduction of hip, 
tendency to rotate hip 
internally as it flexes, 
anterior pelvic rotation 


Forceful extension of hip, 
external rotation of hip 


Upper fibers: 
assist in abduction, 
posterior pelvic rotation 


Lower fibers: 
assist in hip adduction 


Abduction of hip 


Anterior fibers: medial 
rotation of thigh, weak 
flexion 


Posterior fibers: 
external rotation and 
weak extension of hip, 
lateral pelvic rotation to 
ipsilateral side 


Abduction of femur on 
pelvis, internal rotation 
as femur abducis, 
lateral pelvic rotation 
to ipsilateral side 


Femoral nerve (L2-—L4) 


Superior gluteal nerve 
(L4-L5, S1) 


Inferior gluteal nerve 
(L5, S1-$2) 


Superior gluteal nerve 
(L4-L5, S1) 


Superior gluteal nerve 
(L4-L5, S1) 
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TABLE 15.2  (Continued) 
Name of Muscle Origins Insertion Actions Innervations 
Lateral rotators: 
Piriformis Anterior sacrum Superior aspect External rotation 1st or 2nd sacral nerve 
of posterior greater (S1-S2) 
trochanter 
Gemellus superior Posterior portions of Posterior aspect of External rotation Sacral nerve 
ischium greater irochanter (L5, S1-$2) 
Gemellus inferior Same Posterior aspect of External rotation Branches from sacral 
greater irochanter plexus (L4-L5, S1-$2) 
Obturator externus Obturator foramen Posterior aspect of External rotation Obturator nerve 
greater irochanter (L3-L4) 
Obturator internus Obturator foramen Posterior aspect of External rotation Branches from 
greater trochanter sacral plexus 


Quadratus femoris 


Adductor brevis 


Adductor longus 


Adductor magnus 


Pectineus 


Gracilis 


Anterolateral surface of 
ischium 

Front of inferior pubic 
ramus just below origin 
of longus 


Anterior pubis just 
below its crest 


Pubic ramus, 
ischium, ischial 
tuberosity 


Anterior pubis 

just above crest 
lateral to pubic 
tubercle 
Anteromedial edge of 
descending ramus of 
pubis 


Inferior aspect of 
greater trochanter 
Upper portion 

of linea aspera 
between adductor 
longus and adductor 
magnus and posterior 
to pectineus 


Middle third 
of linea aspera 


Linea aspera 

of posterior femur 
and inner condyloid 
ridge, adductor 
tubercle of medial 
femur 


Between lesser 
trochanter 

and linea aspera 
of posterior femur 


Medial proximal 
tibia just below 
condyle (pes 
anserinus) 


External rotation 


Adduction 

of hip, external 
rotation as it 
adducts the hip, 
assists in flexion 
of hip 


Adduction of hip, 
assists in flexion 
of hip 


Adduction of hip, 
external rotation 
as the hip adducis, 
extension of hip 


Flexion of hip, 
adduction of hip 
on pelvis, external 
rotation of hip 


Adduction of hip, 
internal rotation 

of flexed knee, 
flexion of knee from 
extension, weak 
flexion of hip, 
internal rotation 

of hip 


(L4-L5, S1-S2) 
Branches from sacral 
plexus (L4-L5, S1) 
Obturator nerve 
(L3-L4) 


Obturator nerve 
(L3-L4) 


Anterior: 
obturator nerve 
(L2-L4) 


Posterior: 

sciatic nerve (L4-L5, 
S1-S3) 

Femoral nerve 
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FIGURE 15.11 Cross section of midthigh at midsection 
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FIGURE 15.13 The sacral and cocceygeal plexuses 


wrapped together in a connective tissue sheath 
until the nerves reach approximately midway down 
the posterior thigh. The sciatic nerve tibial division 
(figure 15.13) innervates the semitendinosus, semi- 
membranosus, biceps femoris (long head), and ad- 
ductor magnus. The sciatic nerve supplies sensation 
to the anterolateral and posterolateral lower leg, as 
well as most of the dorsal and plantar aspects of the 
foot. The tibial division provides sensation for the 
posterolateral lower leg and the plantar aspect of 
the foot, while the peroneal division provides sensa- 
tion to the anterolateral lower leg and dorsum of the 
foot. Both of these nerves continue down the lower 
extremity to provide motor and sensory function to 
the muscles of the lower leg; this is addressed in 
Chapters 17 and 19. 


Individual Muscles of the Hip Joint 
and Pelvic Girdle—Anterior 


ILIOPSOAS MUSCLE 


Palpation 


The iliopsoas is difficult to palpate as it is deep 
against the posterior abdominal wall. With the client 
seated and leaning slightly forward to relax the ab- 


Lumbosacral 
trunk 
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[] Roots 


|] Anterior divisions 


[] Posterior divisions 


Superior gluteal nerve 


Inferior gluteal nerve 


Sciatic nerve: 


Common fibular nerve 
Tibial nerve 


Posterior cutaneous 
nerve 


Pudendal nerve 


dominal muscles, palpate the psoas major deeply be- 
tween the iliac crest and the 12th rib, about halfway 
between the ASIS and the umbilicus, with active hip 
flexion. With the client supine, palpate the iliopsoas 
distal tendon on the anterior aspect of the hip ap- 
proximately 1/4 inches below the center of the ingui- 
nal ligament with active hip flexion and extension, 
immediately lateral to the pectineus and medial to 
the sartorius. 


CLINICAL 
NOTES 
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OIAI MUSCLE CHART  ILIOPSOAS (îl'e-o-so'as) Major hip flexor 


Psoas muscle 


Iliacus muscle 


Flexion 


External rotation 


Na 


Name of Muscle Origins Insertion 


Inner surface of ilium, 
base of sacrum and 


Iliopsoas: psoas minor, 
psoas major, iliacus 


sides of bodies of last below 
thoracic and all lumbar 
vertebrae, disks, trans- 
verse processes 
Psoas minor* Anterior aspect of Pectineal line 


12 thoracic and 1 or 


2 lumbar vertebrae eminence 


Lesser trochanter of 
femur and shaft just 


and iliopectineal 


Actions Innervations 


Lumbar nerve and 
femoral nerve (L2-—L4) 


Flexion of hip; lateral 
rotation of femur; when 
hip is fixed, iliopsoas 
muscle pulls on verte- 
brae and flexes spine 
and pelvis on thigh, 

as in rising to a sitting 
position from supine 


Lumbar nerve and 
femoral nerve (L2-—L4) 


Transverse pelvis 
rotation contralaterally 
when ipsilateral femur is 
stabilized 


“The psoas minor does not flex the hip because it inserts on the pelvis, but it does assist in posterior pelvic rotation. 


Muscle Specifics 


The iliopsoas is commonly referred to as if it were 
one muscle, but ii is actually composed of the iliacus, 
the psoas major, and the psoas minor. Some anatomy 
texts make this distinction and list each muscle indi- 
vidually. The psoas minor is not always present; it is 
absent in 40 percent of individuals. The psoas minor 
does not flex the hip because it inserts on the pelvis, 
but it does assist in posterior pelvic rotation. 

The iliopsoas muscle is powerful in performing 
some actions, such as raising the lower extremity 
from the floor while in a supine position. The psoas 
major's origin in the lower back tends to move the 


lower back anteriorly or, in the supine position, to 
pull the lower back up as it raises the legs. For this 
reason, lower-back problems are often aggravated by 
this activity, and bilateral leg raises are not usually 
recommended. Strong abdominal muscles can be 
used to prevent lower-back strain by pulling up on 
the front of the pelvis, thus flattening the back. Leg 
raising is primarily hip flexion and not abdominal 
action. Backs may be injured by strenuous and pro- 
longed leg-raising exercises. The iliopsoas contracts 
strongly, both concentrically and eccentrically, in 
sit-ups, particularly if the hips are not flexed. The 
more flexed or abducted the hips are, the less the 


iliopsoas will be activated with abdominal strength- 
ening exercises. Straight-leg sit-ups are extremely 
dangerous and should be avoided. 


Clinical Flexibility 


Stretching the psoas specifically can help reduce an- 
terior forces on the lumbar disks and help herniated- 
disk issues. It also helps correct improper gait. To 
stretch the iliopsoas, which often becomes tight and 
contributes to anterior pelvic tilting, the hip must be 
hyperextended so that the femur is behind the plane 
of the body. Kneel on a towel or pad, with the leg bent 
at 90 degrees. Bring the other leg in front by flexing 
the hip in a lunge position. Tighten the abdominals 
and move the navel forward in a straight line. Feel for 
the stretch on the lower leg near the groin. You might 
also feel this at the lower back. Make certain that the 
forward leg is bent enough so that the foot is in front 
of the knee in the lunge position. Contraindications: 
Use caution if lumbar lesions are active. It is impor- 
tant to counteract the pull on the lumbar vertebrae by 
contracting the abdominals. 


Strengthening 


Hip flexion is an important movement in sports and 
normal activities. A weak and contracted psoas will 
distort gait by shortening stride, and it can cause 
the quadratus lumborum to spasm as ii tries to re- 
sist the pull on the lumbar spine. The iliopsoas may 
be strengthened by lying on your back on a table (or 
bed). Shift your hip so that the involved side is even 
with the edge of the table. With ankle weights on and 
both legs bent, flex one leg up so that the femur is at 
a 90-degree angle. Leave the foot of the other leg on 
the table. The knee should remain flexed at 90 degrees 
throughout the movement. Lower the weight down 
and off the table slowly, keeping the abdominals con- 
tracted. Slowly lift the knee back toward the chest 
(hip flexion), and repeat. Be sure to use the stomach 
muscles on this exercise to protect the low back. Con- 
traindications: It is important to keep the uninvolved 
leg bent during this movement to help protect the low 
back, especially if lumbar disk lesions exist. Begin 
with no weight if pain is present. 


SARTORIUS MUSCLE 


Palpation 


The sartorius is located proximally just medial to the 
tensor fasciae latae and lateral to the iliopsoas. With 
the client in a supine position, palpate the sartorius 
superficially from the anterior superior iliac spine to 
the medial tibial condyle during combined resistance 
of hip flexion, external rotation, and abduction and 
knee flexion and internal rotation. 
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CLINICAL 


NOTES Strap Muscle 


The sartorius is considered a strap muscle, and it is the longest 
muscle in the body. It inserts on the most anterior position of the 
pes anserinus tendinous expansion (with the gracilis and semi- 
tendinosus) on the medial tibia. This muscle is not as large as 
the quadriceps, and although it is superficial, it may be virtually 
unseen on the thigh. Compressive effleurage in the direction of 
the fibers distal to proximal can help to release a tight sartorius. 
Stretching the anterior thigh (see Clinical Flexibility below) is also 
helpful. The therapist is encouraged to work on the gracilis and 
semitendinosus, as well as other hip and knee flexors, in addition 
to treating the pes anserinus area. See Chapter 18 for techniques 
and Chapter 21 for thigh muscle exercises. 


Muscle Specifics 


Pulling from the anterior superior iliac spine and the 
notch just below it, the sartorius tends to tilt the pel- 
vis anteriorly (down in front) as the muscle contracts. 
The abdominal muscles must prevent this tendency 
by posteriorly rotating the pelvis (pulling up in front), 
thus flattening the lower back. 

The sartorius, a two-joint muscle, is effective as a 
hip or knee flexor. It is weak when both actions take 
place at the same time. Overall, ii is not a powerful 
muscle. Observe that, in attempting to cross the knees 
when in a sitting position, one customarily leans 
back, thus raising the origin to lengthen this muscle 
and make ii more effective in flexing and crossing the 
knees. With the knees held extended, the sartorius be- 
comes a more effective hip flexor. 


Clinical Flexibility 


The sartorius can be streiched using a quadriceps 
stretch. Although it is a thin muscle, the fibers may be 
isolated along with the quadriceps by taking the hip 
into hyperextension. From a side-lying position, tuck 
the bottom leg up into flexion, and hold it to your chest 
(or as high as possible). Grasp the ankle of the top leg, 
and, beginning from a flexed-hip position, contract the 
gluteals to move the hip back into hyperextension. Con- 
tract the abdominals to prevent the hip from rotating in 
the direction of the stretch. Gently pull on the ankle for 
2 seconds, and repeat. Make certain that the hip stays 
down and in line with the shoulders; do not abduct the 
thigh during the movement. Contraindications: Use 
caution if lumbar disk lesions are present. The abdomi- 
nals help protect the low back in this exercise. 


Strengthening 


The sartorius is strengthened by performing hip flex- 
ion activities in the manner described for developing 
the iliopsoas. 
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OIAI MUSCLE CHART  SARTORIUS (sar-to ri-us) The tailor cross-legged muscle 


Hip flexion 


External 
rotation 


D 


Sartorius m. 


Knee flexion 


U 


Name of Muscle Origins Insertion 


Actions 


Innervations | 
CN CN N. CN 


Sartorius Anterior superior Anterior medial 
iliac spine (ASIS) surface of tibia 
and notch just just below 
below spine condyle 


RECTUS FEMORIS MUSCLE 


Palpation 


Palpate the rectus femoris straight down the ante- 
rior thigh from the anterior inferior iliac spine to 
the patella, with resisted knee extension and hip 
flexion. 


CLINICAL 
NOTES 


Femoral nerve 
(L2-L3) 


Flexion of hip, flexion of 
knee, lateral rotation of 
thigh as it flexes hip and 
knee, abduction of hip, 
anterior pelvic rotation, 
medial rotation of knee 


Muscle Specifics 


Pulling from the anterior inferior iliac spine of the ilium, 
the rectus femoris muscle, like the sartorius, has the ten- 
dency to anteriorly rotate the pelvis (down in front and 
up in back). Only the abdominal muscles can prevent 
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OIAI MUSCLE CHART  RECTUS FEMORIS (rek tus fem or-is) Straight superficial quadricep 


Hip flexion 


Knee extension |! 


Rectus femoris m. 


Name of Muscle Origins Insertions Actions Innervations 
Rectus femoris Anterior inferior Superior aspect Flexion of hip, Femoral nerve 
iliac spine (AIIS) of of patella extension (L2-L4) 
ilium, groove and patellar of knee, 
(posterior) above tendon to tibial anterior pelvic 
acetabulum tuberosity rotation 


this from occurring. Within the hip flexor group in gen- 
eral, many people develop an anteriorly tilted pelvis as 
they age. A weak abdominal wall does not help stabilize 
the pelvis and results in an increased lumbar curve. 


Clinical Flexibility 


Stretching this powerful muscle is important for ev- 
eryday activities and sports. Knee-tracking issues, 
wherein the patella does not track the way it should 
along the trochlear groove, can lead to many painful 
conditions. The rectus femoris is a chronically tight 
muscle in many people. The shortened middle part, 
or belly, of its fibers must be released to take forces off 
the patella and improve knee biomechanics. Releasing 
this muscle also helps stabilize the pelvis in a more 
neutral position. The rectus femoris is best stretched 
as described for the sartorius. Contraindications: The 
psoas muscle should be stretched before the quad- 
riceps, especially if there are low-back issues. The 


abdominals must be contracted during this stretch to 
help stabilize the pelvis and lumbar spine. 


Strengthening 


Generally, a muscle's ability to exert force decreases 
as it shortens. This explains why the rectus femoris 
muscle is a powerful extensor of the knee when the 
hip is extended but is weaker when the hip is flexed. 
This muscle is exercised, along with the vastus group, 
in running, jumping, hopping, and skipping. In these 
movements, the hips are extended powerfully by the 
gluteus maximus and the hamstring muscles, which 
counteract the tendency of the rectus femoris muscle 
to flex the hip while it extends the knee. The rectus 
femoris should be strengthened as a hip and knee 
flexor. To strengthen as a hip flexor, start supine, with 
the uninvolved leg bent. Using ankle weights, lift the 
extended leg up into flexion, and lower slowly to the 
starting position. Keep the foot dorsiflexed throughout 
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the movement. Although psoas is brought into action 
in this exercise, the proximal end of the rectus femoris 
helps flex the weighted hip. To strengthen knee flexion, 
sit on a bench or therapy table with a pillow under the 
knees; this elevates the knees slightly above the hips. 
Contract the abdominals and lean the torso forward. 
Stay in this position throughout. Dorsiflex the ankle 
and slowly extend the leg; hold 3 to 4 seconds, and 
lower the weighted ankle slowly. Conrraindications: 
Use caution if arthritis is present, and extend the knee 
only as far as is comfortable. 


TENSOR FASCIAE LATAE MUSCLE 


Palpation 


Anterolaterally, palpate the tensor fasciae latae be- 
tween the anterioriliac crest and the greater trochanter 
during internal rotation, flexion, and abducition. 


CLINICAL 
NOTES 


Hip flexion 


Tensor fasciae 
latae m. 


N 


Hip abduction 


Name of Muscle Origins Insertion 


Actions 


Tensor fasciae latae Anterior iliac crest Iliotibial tract Flexion of hip, 
and surface on thigh one-fourth of horizontal abduction 
of ilium just way down (Iliotibial tract of hip, tendency 
below crest inseris into to rotate hip 
Gerdy's tubercle internally as it 
of anterolateral tibial flexes, anterior 


condyle.) 


pelvic rotation 


Innervations 


Superior gluteal 
nerve (L4-L5, S1) 


Muscle Specifics 


The tensor fasciae latae muscle aids in preventing ex- 
ternal rotation of the hip as it is flexed by other flexor 
muscles. 

The tensor fasciae latae muscle is used when flex- 
ion and internal rotation take place. This is a weak 
movement, but it is important in helping direct the 
leg forward so that the foot is placed straight forward 
during walking and running. Thus, from the supine 
position, raising the leg with definite internal rotation 
of the femur will call the TFL into action. 


Clinical Flexibility 


Stretching the TFL effectively involves isolating the ilio- 
tibial tract along with it. The following gluteus maxi- 
mus stretch is also beneficial. Runners and athletes 
will benefit from restoring this region because it has 
such a dramatic effect on gait and knee movemeni. 
While tensor fascia latae may be stretched with a flexed 
knee, the iliotibial tract must be isolated by locking the 
knee during the stretch. To do this, lie supine and bring 
the opposite leg across the midline, pointing the foot 
inward. This helps keep the hip stable on the side being 
stretched. Using an 8-foot rope, wrap the rope around 
the foot, and bring the rope around the lateral lower 
leg. Extend the knee with the quadriceps and laterally 
rotate the femur. Contracting the adductors, bring the 
leg just high enough to clear the other leg. Using the 
rope, gently stretch for 2 seconds. Repeat by locking 
the knee again and laterally rotating the thigh. Con- 
traindications: Avoid using this exercise on hip arthro- 
plasty clients. 


Strengthening 


Strengthening the TFL can greaily assist gait prob- 
lems and improve lateral hip stability. To develop the 
tensor fasciae latae, perform hip abduction exercises 
against gravity and resistance while in a side-lying 
position. This is done simply by abducting the hip 
that is up and then slowly lowering it back to rest 
against the other leg, keeping the foot in dorsiflexion 
throughout. Contraindications: Strengthening is safe 
with controlled movement. If trochanteric bursitis is 
present, the leg may feel weak during the movement. 


Individual Muscles of the Hip Joint 
and Pelvic Girdle—Posterior 


GLUTEUS MAXIMUS MUSCLE 


Palpation 


Palpate gluteus maximus running downward and lat- 
erally between the posterior iliac crest superiorly, anal 
cleft medially, and gluteal fold inferiorly. Palpation of 
the muscle is emphasized with hip extension, exter- 
nal rotation, and abduction. 
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CLINICAL 
NOTES 


Underdeveloped, 
Unused, and Padded 


The gluteus maximus is the base on which people sit. Since it 
is activated by forceful extension, it tends to be more underde- 
veloped and heavily padded than other muscles. Many middle- 
aged people have difficulty getting out of chairs because of 
atrophy to this muscle. When it is overused for extreme sports 
such as marathon running, it will join the tensor fasciae latae 
to tighten the iliotibial tract. Since it has fibers that attach to 
the sacrum, it may be involved in sacroiliac dysfunctions and 
lower-back issues. See the techniques for releasing the gluteal 
muscles in Chapter 16 and the exercises in Chapter 21. 


Muscle Specifics 


The gluteus maximus muscle comes into action 
when movement between the pelvis and the femur 
approaches and moves beyond 15 degrees of exten- 
sion. As a result, it is not used extensively in ordinary 
walking. It is important in extension of the thigh with 
external rotation. 

Strong action of the gluteus maximus muscle 
is seen in hiking up an incline, running, hopping, 
skipping, and jumping. Powerful thigh extension is 
secured in the return to standing from a squatiing po- 
sition, especially if a barbell with weights is placed on 
the shoulders. 


Clinical Flexibility 


Since the sciatic nerve lies just beneath the large, pow- 
erful gluteus maximus, stretching this muscle can help 
relieve sciatic pain. While in the supine position, bring 
the opposite extended leg across the midline, pointing 
the foot laterally. Flex the stretched leg at the hip and 
knee, with one hand over the ankle and one just above 
the knee. Contract the adductors and bring the side of 
the knee to the opposite shoulder. Pull gently with both 
hands, and repeat. Pulling on the ankle creates a more 
intense stretch. This rotates the femur externally, plac- 
ing force on the internal rotators of the hip. Contrain- 
dications: Sciatic patients may feel discomfort doing 
this stretch; it is safe with controlled movement. 


Strengthening 


Hip extension exercises from a forward-leaning or 
prone position may be used to develop the gluteus max- 
imus. This muscle is most emphasized when the hip 
starts from a flexed position and moves to full extension 
and abduction, with the knee flexed 30 degrees or more 
to reduce the hamstrings' involvement in the action. A 
simple squat against a therapy ball without weight will 
strengthen the gluteus maximus. Stand with the back to 
the wall, with the feet shoulder-width apart, and place a 
therapy ball at the lower back for support. Slowly lower 
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OIAI MUSCLE CHART  GLUTEUS MAXIMUS (glu 'te-us maks i-mus) Greek (g/outos) for “buttock” 


Gluteus 
maximus m. 


) Extension 


External 
rotation 
Name of Muscle Origins Insertion Actions 
Gluteus maximus Posterior one-fourih of Gluteal line of femur Forceful extension of 


crest of ilium, poste- and iliotibial tract 
rior surface of sacrum 

near ilium and fascia 

of lumbar area, coccyx 

near ilium 


the body by bending the knees, rolling the back against 
the ball. Repeat. Make sure to keep the abdominals con- 
tracted throughout the movement to protect the back. 
Contraindications: Individuals with knee issues should 
limit knee flexion to 50 to 60 degrees. 


GLUTEUS MEDIUS MUSCLE 


Palpation 


Palpate the gluteus medius slightly in front of and a 
few inches above the greater trochanter with active 
elevation of the opposite pelvis when the client is in a 
standing position or with active abduction when the 
client is side-lying on the contralateral pelvis. 


hip, external rotation 
of hip 


Upper fibers: assist in 
abduction, posterior 
pelvic rotation 


Lower fibers: assist in 
hip adduction 


CLINICAL 
NOTES 


Innervations | 


Inferior gluteal nerve 
(L5, S1-82) 
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OIAI MUSCLE CHART  GLUTEUS MEDIUS (glu te-us me di-us) Powerful abductor 


Gluteus medius m. 


Abduction 


External 
rotation 


Internal 
A, rotation 


Name of Muscle Origins Insertion Actions Innervations 
Gluteus medius Outer surface Greater trochanter Abduction of hip Superior gluteal 
of ilium just of femur, posterior nerve (L4-L5, S1) 
below crest and middle Anterior fibers: internal 
surfaces rotation of thigh, weak 


Muscle Specifics 


Typical action of the gluteus medius and gluteus mini- 
mus muscles is seen in walking. The gluteus medius 
moves the crest of the iliac toward the greater tro- 
chanter of the femur during gait. As the weight of the 
body is suspended on one leg, these muscles prevent 
the opposite pelvis from dropping. Weakness in the 
gluteus medius and gluteus minimus can result in a 
Trendelenburg gait. With this weakness, the individu- 
al's opposite pelvis will drop on weight bearing because 
the hip abductors cannot maintain proper aliznment. 
As a result, the body will compensate to hike the hip, 
causing unnecessary force in other parts of the body. 


flexion 


Posterior fibers: external 
rotation and weak 
extension of hip, lateral 
pelvic rotation 

to ipsilateral side 


Clinical Flexibility 


Stretch the gluteus medius as a hip abductor by using 
the stretch for the gluteal. To stretch the gluteus me- 
dius as a rotator, stay supine and bend the involved 
leg at 90 degrees. Using the lateral rotators of the hip, 
rotate the thigh and use the rope to stretch at the end 
movement. You also can apply the same gluteal tech- 
nique and perform this motion using just the hands 
during the gluteal stretch. Contraindications: These 
stretches are safe with controlled movement. Con- 
tracting the abdominals will help stabilize the low 
back. 
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Strengthening 


The gluteus medius is often one of the weakest and 
most dysfunctional muscles in the hip. Strengthen- 
ing it on a weekly basis will help gait, low-back pain, 
and posture. It is best strengthened by performing 
the side-lying leg raises or hip abduction exercises 
as described for the tensor fasciae latae. To isolate 
this muscle better, make certain that the hip remains 
pointed to the ceiling and not rotated forward or 
backward. Additionally, keep the foot in dorsiflexion 
throughout the exercise. 


GLUTEUS MINIMUS MUSCLE 


Palpation 


Palpate gluteus minimus deep to the gluteus medius; 
it is covered by the tensor fasciae latae between the 
anterior iliac crest and the greater trochanter during 
internal rotation and abduction. 


CLINICAL 
NOTES 


Muscle Specifics 


Both the gluteus minimus and the gluteus medius 
are used in powerfully maintaining proper hip ab- 
duction during running. As a result, both of these 


OIAI MUSCLE CHART  GLUTEUS MINIMUS (glu te-us min i-mus) Small abductor 


Gluteus minimus m. 


Name of Muscle Origins Insertion 


Outer surface 
of ilium below origin 
of gluteus medius 


Gluteus minimus 
of greater 


Anterior surface 


trochanter of femur 


Actions 


Innervations | 


Superior gluteal 
nerve (L4-L5, S1) 


Abduction of femur on 
pelvis, internal rotation 
as femur abducis, 
lateral pelvic rotation 
to ipsilateral side 


muscles are exercised effectively in running, hop- 
ping, and skipping, actions in which weight is trans- 
ferred forcefully from one foot to the other. Yet the 
gluteus minimus should be isolated and forced to 
work on its own to develop key muscular strength. 
As the body ages, the gluteus medius and gluteus 
minimus muscles tend to lose their effectiveness. Ii 
is common for these muscles to be weak in trained 
athletes. The spring of youth, as far as the hips are 
concerned, resides in these muscles. These muscles 
must be fully developed and maintained to have great 
drive in the legs and to support the hips in gravity. 


Clinical Flexibility 


The gluteus minimus is stretched in the same manner as 
that for the gluteus medius. To help isolate it better, bring 
the femur into adduction more during the stretch. 


Strengthening 


The gluteus minimus is best strengthened by per- 
forming hip abduction exercises similar to the ones 
described for the tensor fasciae latae and gluteus me- 
dius muscles. It also may be developed by performing 
hip internal rotation exercises against manual resis- 
tance. În the side-lying position with an ankle weight, 
flex the lower leg at the knee 90 degrees. Rotate the 
weight into internal rotation, and repeat. 


THE SIX DEEP LATERAL ROTATOR 
MUSCLES 


Palpation 


Although the rotators are not directly palpable, deep 
palpation is possible between the posterior superior 
greater trochanter and the obturator foramen. With 
the client in the prone position, have the client keep 
the gluteus maximus relaxed. Passively flex the knee, 
and palpate the piriformis while internally and exter- 
nally rotating the femur or alternating contracting 
and relaxing the lateral rotators slightly. 


CLINICAL 
NOTES 


Sciatic Nerve 
Entrapper 


Of special note, the sciatic nerve usually passes just under- 
neath the piriformis muscle and—in rare occasions—through 
it. Should the piriformis become contracted, the sciatic nerve 
is then at risk for compression. Many people walk with the hips 
in external rotation. A constant gait in external rotation puts a 
postural torque on the deep lateral rotators and may place the 
Sciatic nerve at risk. The therapist must exercise caution when 
working on the piriformis because of its close proximity to the 
sciatic nerve. Stretching is a very important component of un- 
winding any piriformis problem. 
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Muscle Specifics 


The six lateral rotators are used powerfully in move- 
ments of femur external rotation, as in sports in which 
the individual takes off on one leg from preliminary 
internal rotation. Examples include throwing a base- 
ball and swinging a baseball bat, both of which in- 
volve hip rotation. 


Clinical Flexibility 


The lateral rotator muscles are important to stretch 
for sciatic and hip problems. They can be stretched 
in the manner used for the gluteus medius, except 
that the femur is internally rotated with the rope as- 
sisting the stretch. The piriformis must be stretched 
as an abductor as well as a rotator. This is accom- 
plished by lying supine, with the uninvolved ex- 
tended leg angled into the midline. Bring the other 
leg into 90 degrees of hip flexion, with a slight flex 
in the knee. Wrap the rope around the foot; then, 
using the adductors, bring the leg across the body, 
almost horizontal, aiming just above the rib cage 
on the opposite side. Stretch gently for 2 seconds. 
Contraindications: Avoid using this exercise on hip 
arthroplasty clients. 


Strengthening 


The lateral rotator muscles are a little difficult to 
strengthen. While there are machines designed to 
specifically strengthen them, these small muscles also 
can be strengthened using ankle weighits. In the side- 
Iying position, flex the hip and bend both knees to 
90 degrees. Rotate the ankle weight on the top leg into 
external rotation, and then slowly lower the weight. 
Make sure to keep the leg from abducting as you 
rotate. Repeat on each side. Contraindications: Use 
a pad between the knees to prevent bone on bone. 
Strengthening is safe with controlled movement. 


HAMSTRINGS 


The hamstring muscle group, consisting of the biceps 
femoris, semimembranosus, and semitendinosus, 
is covered in complete detail in Chapter 17, but ad- 
ditional discussion is included here because of the 
hamstrings' importance in hip extension. 

Muscle strains involving the hamstrings are 
common in football and other sports that require 
explosive running. The hamstring muscle group is 
often referred to as the “running muscle” because of 
its function in acceleration. The hamstring muscles 
are antagonists to the quadriceps muscles at the knee 
and are named for their cordlike attachments at the 
knee. All the hamstring muscles originate on the 
ischial tuberosity of the pelvic bone, except the short 
head of the biceps femoris, which originates on the 
linea aspera of the femur. The semitendinosus and 
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OIAI MUSCLE CHART LATERAL ROTATORS 

PIRIFORMIS  (pi-ri-for mis) Pear shaped 

GEMELLUS SUPERIOR  (je-mel us su-pe i-or) Upper twin 
GEMELLUS INFERIOR  (je-mel “us in-fe 'ri-or) Lower twin 

OBTURATOR EXTERNUS  (ob-tu-ra tor eks-ter nus) From the obturator 
OBTURATOR INTERNUS  (ob-tu-ra'tor in-ter nus) From the obturator 
QUADRATUS FEMORIS  (kwad-ra tus fem or-is) Square muscle 


Piriformis m. 
Gemellus 
superior m. 
Obturator 
internus m. 


Obturator 
externus m. 


Quadratus 
femoris m. 


Gemellus 
inferior m. 


Name of Muscle Origins Insertion 
Piriformis Anterior sacrum Superior aspect 
of posterior 
greater 
trochanter 
Gemellus superior Posterior portions Posterior aspect of 
of ischium greater trochanter 
Gemellus inferior Same Posterior aspect of 
greater trochanter 
Obturator externus Obturator foramen Posterior aspect 
of greater 
trochanter 


Obturator internus Obturator foramen Posterior aspect of 
greater trochanter 
Quadratus femoris Anterolateral surface Inferior aspect 
of ischium of greater 
trochanter 


Actions 


External rotation 


External rotation 


External rotation 


External rotation 


External rotation 


External rotation 


Innervations 


1st or 2nd sacral 
nerve (S1-8S2) 


Sacral nerve 
(L5, S1-S2) 


Branches from 
the sacral plexus 
(L4-L5, S1-S2) 


Obturator nerve 
(L3-L4) 


Branches from 
sacral plexus 
(L4-L5, S1-S2) 


Branches from 
sacral plexus 
(L4-L5, S1) 


semimembranosus insert on the anteromedial and 
posteromedial side of the tibia, respectively. The bi- 
ceps femoris inserts on the lateral tibial condyle and 
head of the fibula—hence the saying, “Two to the in- 
side and one to the outside.” 

Specific exercises to improve the strength and flexi- 
bility of this muscle group are important in decreasing 
knee injuries. The hamstring muscles are also major 
culprits of low-back pain. Standing straight and touch- 
ing one's toes is not a safe technique for assessing ham- 
string flexibility; this movement places great forces on 
the lumbar spine and can cause injury. A safer test is 
accomplished by taking the body out of gravity. From 
a supine position, the hip should flex to a 90-degree 
position with the knee extended; degrees less than this 
suggest a lack of hamstring flexibility. The hamstrings 
should be strengthened where they act on the hip and 
the knee. The main belly of the hamstring is developed 
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by performing knee or hamstring curls on a knee table 
against resistance. Additional exercises are included in 
Chapters 17 and 21. 


Individual Muscles of the 
Medial Thigh 


ADDUCTOR BREVIS MUSCLE 


Palpation 


Palpate the adductor brevis deep to the adduc- 
tor longus and superficial to the adductor magnus. 
The adductor brevis is very difficult to palpate and 
to differentiate from the adductor longus, which is 
immediately inferior; the proximal portion of the ad- 
ductor brevis is just lateral to the adductor longus. 


OIAI MUSCLE CHART  ADDUCTOR BREVIS (ad-duk tor bre vis) Short adductor 


—T Adduction 


eXjernal rotation 


Adductor brevis m. 


Name of Muscle Origins Insertion Actions Innervations 
Adductor brevis Front of inferior Upper portion of Adduction of hip, Obturator 
pubic ramus linea aspera between external rotation nerve (L3-L4) 
just below origin adductor longus and as it adducts 
of longus adductor magnus and the hip, assists 


posterior to pectineus 


in flexion of the hip 


338 parit4 Lower Extremities 


CLINICAL 


NOTES Hidden Adductor 


The adductor brevis originates on the outer surface of the 
inferior ramus of the pubis, making it extremely difficult to 
palpate. Because of the larger and more powerful adductor 
muscles, adductor brevis is rarely injured. Specific tearing of 
this muscle can occur during a powerful eccentric contrac- 
tion that exceeds the strength of the muscle-tendon units. 
Fatigue and previous strains to the muscle are also factors. 
Since the adductor magnus and longus are larger and more 
powerful muscles, it is important to stretch and strengthen 
the entire group to allow support for the smaller adductor 
brevis. Specific strengthening of the adductors is often over- 
looked in gyms and fitness-based programs, as more focus 
is placed on the hamstring and quadriceps group. A solid ex- 
ercise program should involve every muscle that surrounds 
the femur, and the exercises should include specific isolation 
of each group. 


Muscle Specifics 


The adductor brevis muscle, along with the other ad- 
ductor muscles, provides powerful movement of the 
thighs toward each other. 


Clinical Flexibility 


Stretching the adductors is beneficial for low-back 
and hip issues, because it helps eliminate vector forces 
acting on these areas. Lying supine on a therapy table 
or floor, bring the opposite leg off (or over, if on the 
floor), away from the midline. Wrap a rope around 
the foot on the involved side. Contract the abductors, 
and move the leg into abduction, keeping the femur 
down and along the table. Stretch at the end move- 
ment, and repeat. Contraindications: The abdominal 
muscles should remain contracted during this move- 
ment to help protect the back. 


Strengthening 


The adductors should be strengthened along with the 
abductors. Doing so helps support the knee joint as 
well as the hip, especially in forceful movements. In 
the side-lying position with an ankle weight on the 
bottom leg, extend the leg completely. Flex the top leg 
over the bottom leg so that it is not in the way. Bring 
the foot into dorsiflexion, and while contracting the 
adductors, lift the weight up, leading with the heel. 
Hold 2 seconds, and slowly lower the weight. Repeat. 
Contraindications: Strengthening is safe with con- 
trolled movement. 


ADDUCTOR LONGUS MUSCLE 


Palpation 


Palpate the adductor longus, a most prominent mus- 
cle proximally on the anteromedial thigh, just inferior 
to the pubic bone, with resisted adduction. 


CLINICAL 


NOTES Prone to Injury 


The adductor longus muscle is sometimes injured in sports like 
football or any activity requiring explosive lateral movements. The 
injury to this muscle is often misdiagnosed as a torn hamstring 
muscle, and it can be injured along with the biceps femoris. While 
a complete rupture of the adductor longus tendon is rare, it can 
occur, especially in movements with eccentric loading of the ad- 
ductors in forced hyperabduction of the thigh. Pain is usually felt 
at the origin of the adductor longus, and externally rotating the 
femur often produces pain. It is important for the clinician to con- 
sider the adductor group, especially the adductor longus, with any 
injury to muscles on the thigh. Because the actions of this muscle 
include adduction, lateral rotation, and assisted hip flexion, it 
should be stretched and strengthened in all of these movements. 


Muscle Specifics 


The adductors as a group may be underdeveloped 
compared to the more powerful quadriceps and other 
more widely used thigh muscles. The adductor lon- 
gus is more superficial than the adductor brevis and 
is therefore more accessible to treatment and can be 
stretched to maintain flexibility. While its main ac- 
tion is adduction of the femur, it contributes to lateral 
rotation during adduction and assisted flexion of the 
hip. See the section on the adductor brevis for streteh- 
ing and strengthening suggestions. 


Clinical Flexibility 


The adductor longus is stretched in the same manner 
as that for the adductor brevis. 


Strengthening 


The muscle may be strengthened in the manner used 
for the adductor brevis. 


ADDUCTOR MAGNUS MUSCLE 


Palpation 


Palpate the adductor magnus on the medial aspect of 
the thigh, between the gracilis and the medial ham- 
strings, from the ischial tuberosity to the adductor 
tubercle with resisted adduction from the abducted 
position. 
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OIAI MUSCLE CHART  ADDUCTOR LONGUS (ad-duk tor long gus) Longer adductor 


Adduction 


Adductor longus m. 


Name of Muscle Origins Insertion Actions Innervations | 
Adductor longus Anterior pubis Middle third Adduction of hip, Obturator 

just below of linea aspera assists in flexion nerve (L3-L4) 

its crest of hip 


CLINICAL 
NOTES 


Muscle Specifics 


The adductor magnus muscle is used in swimming 
(in the breaststroke kick) and in horseback riding. 


Since the adductor muscles (adductor magnus, ad- 
ductor longus, adductor brevis, and gracilis muscles) 
are not heavily used in ordinary movement, some 
prescribed activity for them should be provided. This 
is especially true for athletes, who rely on powerful, 
forceful lateral movements. 


Clinical Flexibility 


Stretch the adductor magnus in the same manner as 
stretching the adductor brevis and adductor longus. 
It can be further isolated by externally rotating the 
femur 45 degrees and by bringing the femur down at 
the end movement. 


Strengthening 


Hip adduction exercises, such as those described for 
the adductor brevis and the adductor longus, may be 
used for strengthening the adductor magnus. 
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OIAI MUSCLE CHART  ADDUCTOR MAGNUS (ad-duk tor mag nus) Largest adductor 


duete e 


Adductor magnus m. 


Name of Muscle Origins Insertion Actions Innervations 
Adductor magnus Pubic ramus, Linea aspera Adduction of hip, Anterior: 
ischium, ischial of posterior femur external obturator nerve (L2-L4) 
tuberosity and inner condyloid rotation as the 
ridge, adductor hip adducts, Posterior: 


tubercle of medial 


femur 


PECTINEUS MUSCLE 


Palpation 


The pectineus is difficult to distinguish from other ad- 
ductors. Palpate the pectineus on the anterior aspect 
of the hip approximately 1! inches below the center 
of the inguinal ligament, just lateral and slightly proxi- 
mal to the adductor longus and medial to the iliopsoas, 
during flexion and adduction of the supine client. 


CLINICAL 
NOTES 


sciatic nerve 
(L4-L5, S1-S3) 


extension of hip 


Muscle Specifics 


As the pectineus contracts, it tends to rotate the pel- 
vis anteriorly. The abdominal muscles stabilizing the 
pelvis anteriorly prevent this tilting action. For this 
reason, the pectineus should be stretched along with 
the other adductors on a daily basis. 
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OIAI MUSCLE CHART  PECTINEUS (pek-tin e-us) Groin muscle 


Pectineus m. 


External 
rotation 


Adduction 


Flexion 


Name of Muscle Origins Insertion Actions Innervations | 


Pectineus Anterior pubis Between lesser Flexion of hip, adduction  Femoral nerve (L2-—L4) 
just above trochanter and linea of hip on pelvis, external 
crest lateral aspera of posterior rotation of hip 
to pubic tubercle femur 
Clinical Flexibility just posterior to the adductor longus and medial to 


. i i the semitendinosus. 
The pectineus is stretched in the same manner as 


that for the other adductors. Specific isolation occurs 
when the hip is externally rotated, flexed, and brought 
into abduction. 


ş CLINICAL 
Strengthening NOTES 
The pectineus muscle is exercised together with the 
iliopsoas muscle in leg raising and lowering from a 
table, as described above for the iliopsoas. It can also 
be strengthened using the side-lying leg raises de- 


scribed for the adductors. 


GRACILIS MUSCLE 


Palpation 


Palpate the thin tendon of the gracilis on the antero- 
medial thigh with knee flexion and resisted adduction 
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OIAI MUSCLE CHART  GRACILIS (gras -il-is) The second-longest muscle in the body 


Hip internal 
rotation 


Gracilis m. 


Knee flexion 


FA .. 


Name of Muscle Origins Insertion 


Gracilis Anteromedial edge 
of descending 


ramus of pubis 


Muscle Specifics 


Also known as the adductor gracilis, the gracilis mus- 
cle performs the same function as that of the other 
adductors, but it adds some weak assistance to knee 
flexion. 

The adductor muscles as a group (adductor mag- 
nus, adductor longus, adductor brevis, and gracilis) 
are called into action in horseback riding and in doing 
the breaststroke kick in swimming. Proper develop- 
ment of the adductor group prevents soreness after 
participation in these sports. 


Medial proximal tibia 
just below condyle 
(pes anserinus) 


Actions Innervations 


Obturator nerve 
(L2-L4) 


Adduction of hip, inter- 
nal rotation of flexed 
knee, flexion of knee 
from extension, weak 
îlexion of hip, internal 
rotation of hip 


Clinical Flexibility 


The gracilis may be stretched in the manner used for 
for the adductors. 


Strengthening 


The gracilis is strengthened using the exercise de- 
scribed for the other hip adductors. 


Introduction 

w Inthe anatomical puzzle that is the human body, the pelvic 
girdle provides a sturdy foundation for the trunk and spine. 
The sacrum fits between the two sides of the ilium and cre- 
ates a wide base for the larger lumbar vertebrae. Muscles 
span, like guy wires, from the ribs and vertebrae to the hip 
and pelvic bones. The structure of the trunk, spine, and 
pelvic girdle lends stability to the weight of the trunk. 


Bones 
w The femur is the longest bone in the body. 
w Bony landmarks for muscular attachments on the femur 


include the greater and lesser trochanters, the linea 
aspera, and the medial and lateral conayles. 

w The pelvic girdle is divided into the ilium, ischium, and 
pubis. 

w The sacrum and coccyx connect the posterior portions 
of the pelvic girdle. 


w Landmarks for muscular attachments on the ilium in- 
clude the iliac crest and portions thereof anteriorly and 
posteriorly. 

w Muscles attach to the pubic bone, superior and inferior 
pubic ramus, and pubic crest. 


vw The ischial tuberosity of the ischium houses many mus- 
cular attachments. 


Joints 

w The hip joint is an enarthrodial ball-and-socket joint. 

vw The acetabulum and the femoral head form the joint 
called the acetabular femoral joint. 

vw The pelvic girdle is joined anteriorly by the symphysis 
pubis, which is an amphiarthrodial joint. 

w The sacroiliac joint posteriorly is formed by ligaments 
and is slightly movable. 

vw Many ligaments give stability and strength to the joints. 


Movemenis 

vw Movement of the hip joint permits flexion, extension, ab- 
duction, adduction, internal and external rotation, and 
diagonal movements of the hip. 


vw Movements of the pelvic girdle include anterior and 


posterior rotation, right and left lateral rotation, and right 
and left transverse rotation. 


Muscles 

w The iliopsoas is composed of three muscles: the iliacus, 
psoas major, and psoas minor. It is a primary hip flexor 
and is located deep in the anterior trunk. 

w The sartorius runs from the anterior superior crest to the 
tibia medially. 
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vw The rectus femoris is a superficial quadriceps that flexes 
the femur. 


vw The tensor fasciae latae is a flexor and abductor of the 
hip and is located anterior and lateral. 


w The pectineus is considered a flexor and adductor of 
the hip; it spans from the pubic bone to the femur. 


w The other adductors include the adductor brevis, ad- 
ductor longus, adductor magnus, and gracilis. They are 
medial thigh muscles. 


vw The hamstrings include the biceps femoris, semiten- 
dinosus, and semimembranosus. 


w The hamstrings extend the hip and are located pos- 
teriorly. 


v Gluteal muscles include the gluteus maximus, glu- 
teus medius, and gluteus minimus; they are located 
posteriorly. 


w The deep-six lateral rotators are the piriformis, gemellus 
superior and inferior, obturator internus and externus, 
and quadratus femoris; they are located deep to the 
gluteals. 


Nerves 


w Nerves from the lumbar and sacral plexus innervate the 
muscles of the hip and pelvic girale. 


v Nerves of significance from the lumbar plexus include 
the femoral nerve and the obturator nerve. 


vw The largest nerve of significance of the sacral plexus is 
the sciatic nerve. 


w The sciatic nerve is composed of the tibial and common 
peroneal nerves. 


Individual Muscles of the Hip Joint and Pelvic 

Girdle—Anterior 

v Iliopsoas is a combination of the psoas major, psoas 
minor, and the iliacus. The psoas major spans from the 
anterior vertebrae and joins the iliacus to insert on the 
lesser trochanter and the shaft just below. The iliopsoas 
is a primary hip flexor. 


w Sartorius is the longest muscle in the body and runs 
from the anterior superior crest to the medial tibia, where 
it inserts along with the gracilis and the semitendinosus. 
It flexes the hip and externally rotates the hip as it flexes 
the knee. 


vw” Rectus femoris is a biarticular muscle that acts on two 
joints. It spans from the anterior inferior iliac crest and 
inserts with the other quadriceps at the tibial tuberosity. 
The rectus femoris flexes the hip and extends the knee. 

vw Tensor fasciae latae spans from the anterior crest and 
inserts in the iliotibial tract. It flexes and abducts the 
hip. 
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Individual Muscles of the Hip Joint and Pelvic 
Girdle—Posterior 


V 


vV 


V 


V 


V 


Gluteus maximus is the largest of the gluteal muscles. 
lt covers a greater portion of the posterior ilium and the 
edge of the sacrum and coccyx. lt inserts on the femur 
and into the iliotibial tract. lt causes forceful extension 
and external rotation, and it assists in abduction and 
adduction depending on the fiber attachments. 


Gluteus medius covers up the rest of the ilium and is a 
major abductor of the hip. It inserts on the greater tro- 
chanter. 


Gluteus minimus originates below the medius and in- 
serts on the greater trochanter. It gives depth and sup- 
port to the gluteus medius in abduction of the hip. 


Deep-six lateral rotators—piriformis, gemellus superior, 
gemellus inferior, obturator externus, obturator internus, 
Quadratus femoris—all externally rotate the hip. The 
most notable, the piriformis, is the only muscle of the 
group that has an anterior sacrum origin. It inserts on 
the greater trochanter with the other lateral rotators. The 
piriformis is a possible entrapper of the sciatic nerve. 
The other lateral rotators originate on various parts of 
the ischium and obturator foramen. 


Hamstrings—semitendinosus, semimembranosus, long 
head of the biceps femoris—originate on the ischial tu- 
perosity. The short head of the biceps femoris begins 
on the linea aspera and joins the long head to insert on 


în 


Worksheet Exercises 


As 


an aid to learning, for in-class or out-of-class 


assienments, or for testing, tear-out worksheets are 
found at the end of the text, on pages 539-542. 


True or False 


Write true or false after each statement. 


l. 
De 
2 


4. 
. The pectineus adducts and flexes the hip. 


UI 


The rectus femoris is the only hip flexor. 
The piriformis can entrap the sciatic nerve. 


The gluteus maximus originates on the whole 
posterior crest of the ilium. 


The sartorius is the longest muscle in the body. 


. The adductor brevis is sandwiched between the 


tensor fasciae latae and the pectineus. 


. Gluteus medius and minimus both adduct the 


hip. 


. The sacroiliac joint is bound by ligaments. 


the lateral side of the tibia and fibula. The semitendino- 
sus and semimembranosus insert on the medial tibia. 
The hamstrings extend the hip and flex the knee. They 
are explained individually in Chapter 17. 


Individual Muscles of the Medial Thigh 

w Adductor brevis is the smallest of the adductor muscles 
and is sandwiched between the adductor longus and 
pectineus anteriorly and the adductor magnus posteri- 
orly. Its primary action is adduction of the hip. 


vw Adaductor longus originates on the anterior pubis and 
inserts on the middle of the linea aspera of the femur. 
lt assists in hip flexion and has the primary function of 
adduction. 


vw Adductor magnus is the largest of the adductors and 
has a more posterior presentation because it begins 
on the ischial tuberosity and pubic ramus. It inserts 
into the entire length of the linea aspera and forms a 
great deal of the inner-thigh soft tissue. It is a major 
adductor of the hip, but it does assist in other actions. 


vw Pectineus originates on the anterior pubis and inserts 
between the lesser trochanter and the linea aspera. Ii is 
a hip flexor and adductor. 


vw Gracilis begins on the ramus of the pubis medially and 
inserts with the sartorius and semitendinosus on the pes 
anserinus of the medial tibia. Another two-joint muscle, 
it adducts the hip and weakly flexes the knee. 


9. The iliopsoas is made up of the iliacus, psoas 
minor, and psoas major. 


10. The symphysis pubis connects the sacrum to the 
ischium. 


Short Answers 
Write your answers on the lines provided. 


1. Distinguish between hip flexion and trunk flexion. 


2. Name the bones of the hip joint. What is the hip 
joint called? 


. What is the cup of the hip joint called? 


„ Name the hip joint actions. 


. Which muscles flex the hip? 


. Which muscles extend the hip? 


. Which muscles adduct the hip? 


. Where on the femur do a lot of the hip adductors 


insert? 


. Which two muscles insert into the iliotibial tract? 


10. 


Name the deep-six lateral rotators. 
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Multiple Choice 


Circle the correct answers. 


1 


The nerve that comes from the lumbar plexus to 
innervate the quads is the: 

a. sciatic nerve 

b. femoral nerve 

c. tibial nerve 

d. median nerve 


. The bones that make up the pelvic girdle are: 


a. ilium, ischium, and pubis 

b. femur, iliac crest, and pubis 

c. iliac crest, anterior iliac crest, and pubis 
d. none of the above 


. The muscles that adduct the hip are: 


a. adductor magnus, biceps femoris, adductor 
brevis 


b. adductor magnus, adductor brevis, adductor 
longus 


c. adductor magnus, rectus femoris, adductor 
brevis 


d. none of the above 


. The iliopsoas inserts on the: 


a. linea aspera 

b. greater trochanter 

c. lesser trochanter and shaft just below 
d. tibia 


. The piriformis is the only one of the deep-six 


lateral rotators that originates on the: 
a. pubic bone 

b. iliac crest 

c. obturator foramen 

d. anterior sacrum 


. The hamstrings: 


a. flex the hip 

b. extend the hip 

c. extend the knee 
d. none of the above 


. The lateral rotators all insert on the: 


a. lesser trochanter 
b. iliotibial tract 

c. greater trochanter 
d. tibia 


. Gluteus medius originates on: 


a. the lateral surface of the ilium just below the 
crest 


b. the sacrum 
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c. the anterior superior iliac crest 
d. none of the above 
9. The muscle that was named for the tailor was the: 
a. tensor fasciae latae 
b. rectus femoris 
c. biceps femoris 
d. sartorius 


10. The psoas major originates on the: 


a. anterior ilium 

b. posterior ilium 

c. bodies of the lumbar vertebrae 
d. femur 


1. Locate the following parts of the pelvic girdle 
and hip joint on a human skeleton and on a 
partner. 


a. Skeleton: 


Ilium 

Ischium 

Pubis 

Symphysis pubis 
Acetabulum 

Rami (ascending and descending) 
Obturator foramen 

Ischial tuberosity 

Anterior superior iliac spine 
Greater trochanter 

Lesser trochanter 


b. Partner: 
Crest of the ilium 
Anterior superior iliac spine 


Ischial tuberosity 
Greater trochanter 


== 
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5 SI [o > 


2. How and where can the following muscles be 
palpated on a human? 
Gracilis 
Sartorius 
Gluteus maximus 
Gluteus medius 
Gluteus minimus 
Biceps femoris 
Rectus femoris 
Semimembranosus 
Semitendinosus 
Adductor magnus 


îi) Ex ao Neagoe 


k. Adductor longus 
]. Adductor brevis 


„ Be prepared to indicate on a human skeleton, 


using a long rubber band, where each muscle 
has its origin and insertion. 


. Demonstrate the movement and list the muscles 


primarily responsible for the following hip 
movements: 

Flexion 

Extension 

Adduction 

Abduction 

External rotation 

Internal rotation 


mo ao op 


. How is walking different from running in rela- 


tion to the use of the hip joint muscle actions 
and the range of motion? 


. How may the walking gait be affected by a 


weakness in the gluteus medius muscle? Have a 
partner demonstrate the gait pattern associated 
with gluteus medius weakness. What is the name 
of this dysfunctional gait? 


. How might bilateral iliopsoas tightness affect the 


posture and movement of the lumbar spine in 
the standing position? Demonstrate and discuss 
this effect with a partner. 


. How might bilateral hamstring tightness affect 


the posture and movement of the lumbar spine 
in the standing position? Demonstrate and dis- 
cuss this effect with a partner. 
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9. Muscle analysis chart: Fill in the chart below by 
listing the muscles primarily involved in each 
movement. 


Flexion : Extension 


Abduction 2 Adduction 
External rotation : Internal rotation 


10. Antagonistic muscle action chart: Fill in the chart 
below by listing the muscle(s) or parts of mus- 
cles that are antagonistic in their actions to the 
muscles in the left column. 


Agonist Antagonist 


Gluteus maximus 


Gluteus medius 


Gluteus minimus 


Biceps femoris 


Semimembranosus/Semitendinosus 


Adductor magnus/Adductor brevis 


Adductor longus 


Gracilis 


Lateral rotators 


Rectus femoris 


Sartorius 


Pectineus 


lliopsoas 


Tensor fasciae latae 


Deep Tissue of the Low Back 
and Posterior Pelvis 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 
16-1 Define key terms. 


16-2 Locate on a human skeleton selected bony 
structures of the trunk, spine, and pelvic 
girdle. 


16-3 Palpate bony landmarks and the muscles 
of the trunk, spine, and pelvic girdle on a 


partner. 
16-4 Explore the origins and insertions of the 
muscles of the trunk and pelvic girdle on a 
partner. 
16-5 Review general pathologies and conditions 
of the muscles of the trunk and pelvic girdle. 


Foraminal stenosis 
Herniated disk 
Laminectomy 


Axial pain 
KEY 


TERMS 


Back-pocket sciatica 
Cryotherapy 


16-6 Discuss a treatment protocol for conditions 
of sciatica, back-pocket sciatica, and 


piriformis syndrome. 
16-7 
16-8 


Demonstrate safe body mechanics. 


Practice specific techniques on the low-back 
and pelvic girdle muscles. 


16-9 Incorporate dimensional massage therapy 
techniques in a regular routine or use them 


when needed. 


16-10 Determine safe treatment protocols and refer 
clients to other health professionals when 


necessary. 


Myofascial pain Referred pain 


Piriformis syndrome Sciatica 


Radicular pain 


Introduction 


A back massage is similar to dessert after dinner. Ii 
often comes last in the massage sequence and may, 
therefore, be anticipated with the most excitement. 
Since it reduces regular tension and sore muscles, 
the back massage completes the treatment. There is 
also tremendous need for low-back massage, since 
millions of people complain of and endure chronic 
back pain. It is estimated that 80 percent of the 
general population will, at some time, experience 
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back pain. Since 50 percent of people generally 
feel relief from low-back pain within 2 weeks and 
90 percent usually recover fully within 3 months, 
one can assume that some of the problem encom- 
passes soft-tissue dysfunction. Sources of pain in- 
clude muscles, tendons, ligaments, bones, disks, 
and faceti joints. Unfortunately, once the back has 
sustained an injury, there is every likelihood of a 
recurrence within the same year. Lifting, repeti- 
tive action, posture, and trauma cause recurrences 
with alarming frequency. 
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Helping people through chronic back pain requires 
a team approach. Conservative care beyond diag- 
nosis can include rest, physical therapy, ergonomic 
evaluation of the work site, postural awareness 
and body mechanics training, a home exercise and 


stretching program, cryotherapy (the safe use of 
ice and exercise to reduce inflammation and acute 
responses), chiropractic or manipulative osteo- 
pathic care, acupuncture, and medication. Mas- 
sage therapy is an integral pari of this team effort. 


Structural Perspectives of the Low 
Back and Pelvic Girdle 


The low back includes the last thoracic vertebra, all 
the lumbar vertebrae, and soft tissue of the posterior 
pelvic girdle. The sacrum completes the spine and 
connects the pelvic girdle to the low back. Erector 
spinae fibers connect the sacrum to the occiput in a 
network of trunk muscles. There is a large aponeuro- 
sis that provides attachment for the latissimus dorsi 
and lumbar fasciae to the pelvic girdle and spine. At- 
tachments at and around the sacrum connect lumbar 
fasciae to gluteal muscles, providing more commu- 
nication between the low back and the pelvic girdle. 
The sides of the abdomen are the sides of the back; 
the obliques tuck into the posterior pelvic girdle and 
interdigitate with low-back fasciae and the muscula- 
ture. All of this information provides sound reason- 
ing for including the low-back, sacral area, and pelvic 
girdle soft tissue in a treatment scenario. 

The movement of the pelvic girdle can have a dra- 
matic effect on the low back, spinal curvature, and its 
soft tissue, depending on its position. An anteriorly 
rotated pelvis will enhance the lumbar curve in a lor- 
dosis. The low back needs the abdominal muscles to 
help control anterior rotation. A posterior rotation of 
the hips can cause a reduced curve in the low back and 
possibly tighten the psoas major and the abdominals. 

Contracted muscles in the lower extremities con- 
tribute to the position of the hips and subsequenily 
affect the lower back in a domino effect. Quadriceps 
and anterior thigh muscles affect anterior rotation of 
the pelvis and give cause to treai the thigh muscu- 
lature. Tighi hamstrings pull on the pelvis from the 
posterior direction. 

These structural perspectives provide the massage 
therapist reason enough to design treatments based 
on each individual, medical history, postural obser- 
vations, and palpation of associated hypertonic soft 
tissue. A dimensional approach to treatment will 
encompass areas that, in turn, affect the low back. 


Injuries and Overuse Syndromes 


Back pain is debilitating and frustrating, and it can 
deny a person freedom to live a full life. Trauma and 
inappropriate lifting causing back sprains and strains 
are some of the foremost causes of back injuries. 


Axial pain can be sharp or dull, constant or intermit- 
tent, and mild or severe and can be confined to the 
low back. It gets worse with certain activities and po- 
sition changes, and it is often relieved by rest. Since 
it is usually mechanical in origin, different treatment 
approaches, including rest, massage therapy, physical 
therapy, chiropractic care, and medication assist re- 
covery 90 percent of the time in 6 weeks to 3 months. 
Back pain, however, is not always caused by soft- 
tissue injury. Kidney stones, bladder infections, tumors, 
and internal injury can all be causative factors of back 
pain. Diagnosis is the premise of the physician. Should 
a client present with any of the following, it is appro- 
priate to refer the client to a medical professional. 


TREATMENT PROTOCOL 


Reasons for Referral 


* Fever and/or chills 

e History of cancer with recent weight loss 

e Severe trauma 

e Significant leg weakness 

* Sudden bowel and/or bladder incontinence 
e  Severe continuous abdominal and back pain 
*  Nausea and/or vomiting 


SOFTI-TISSUE ISSUES 


Lifting a heavy item in an unbalanced position is a 
recipe for low-back injury, especially if the object is a 
moving target, such as a child. Children can change the 
balance differential by throwing their weight in another 
direction, which causes them to weigh more. If a person 
lifts a child who is positioned directly in front of him, 
and he lifts with the back instead of using the lower ex- 
tremities, the erector spinae and latissimus dorsi will be 
at considerable risk. Lifting a heavy object off to the side 
might call the quadratus lumborum, erector spinae, and 
gluteus medius into action or possibly into too much 
eccentric lengthening and/or braking. The opposing 
stabilizers of the spine can be strained in the activity 
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of inappropriate lifting. Clients can suffer from consid- 
erable low-back pain as the result of lifting accidents. 
They may find it difficult to move or even take a deep 
breath. It would not be unusual to hear that a client 
had crawled on hands and knees to the bathroom and/ 
or was having trouble standing from a seated position. 
Aside from the diagnosis, a conservative team approach 
can help resolve most soft-tissue lifting injuries. 


Nerve Complaints 
SCIATICA 


Pain from the sciatic nerve radiates down the thigh to 
the calf and may spread to the foot. Radicular pain 
is unilateral, deep, steady, and reproducible with cer- 
tain activities (walking or sitting), and it follows the 
involved dermatome. It can include numbness and tin- 
gling, muscle weakness, and loss of specific reflexes. 
Sciatica can be defined as an inflammation of the sci- 
atic nerve, but since the sciatic nerve traverses through 
the pelvic girdle and down the lower extremity, it is at 
risk at several different locations. Sciatica really should 
not be a diagnosis unless the cause is included in the 
statement. Impingement can result from a herniated 
disk, foraminal stenosis (narrowing of the interverte- 
bral space through which the spinal nerve exits, due to 
bone spurs or arthritis), diabetes, nerve root injuries, 
or scarring from a previous spinal surgery. 

A herniated disk occurs when the gelatinous nu- 
cleus pulposus protrudes into or through the annulus 
fibrosus. This herniation produces a “bulging” of the 
disk tissue posteriorly into the vertebral canal and 
pinches the spinal cord and/or spinal nerves branch- 
ing off the spinal cord. Lumbar herniated disks (com- 
monly from L4 and L5) frequently cause low-back 
pain and may be a cause of sciatica. Herniated disks 
are treated conservatively first before moving to more 
drastic, surgical solutions. Often, rest, physical ther- 
apy, and specific lumbar exercises help to resolve the 
injury. Massage therapy is helpful to relieve soft-tissue 
discomfort and referred pain patterns. It should be 
included in a conservative team approach. Caution 
should be used around the injured-disk site. 

Entrapment of the sciatic nerve can take place by the 
piriformis in a prolonged state of external rotation or 
by different structural scenarios of the nerve actually 
passing around or through the piriformis itself. This is 
often called piriformis syndrome. (See Chapter 15 for 
the piriformis and appropriate stretches.) The sciatic 
nerve also runs between the adductor magnus and the 
biceps femoris. Runners might experience entrapment 
from contracted posterior thigh muscles. (See Chap- 
ter 17 for clinical notes on the biceps femoris and for 
appropriate stretches.) Another, more peculiar, cause 
of sciatic pain can be a lumpy wallet kept on only one 


side in the back pocket. The wallet adds a lift to one 
side of the pelvis and compresses the piriformis area. 
If the problem is many years in the making, it may 
take a considerable amount of time for the pelvis to 
readapt itself to a normal position, if at all. A conserva- 
tive team approach is useful in treating back-pocket 
sciatica. Whatever the cause, sciatica is a painful con- 
dition and a common complaint. Diagnosis for cause 
is essential, but even an MRI is not always accurate. 

Massage can help release soft tissue entrapping 
the sciatic nerve and can calm tissue fibers that 
have a referred pain pattern passing through them. 
Referred pain can be achy, dull, migratory, and in- 
termittent with varied intensity. It can radiate from 
the low back to groin, buttock, and upper thigh. This 
type of pain may be different from the referred pain of 
myofascial pain and trigger points. Myofascial pain 
is associated with soft tissue; it may or may not hurt 
at the location of the trigger point; and it is not linked 
with the distribution of a nerve. When the myofascial 
discomfort is located somewhere other than on the of- 
fending trigger point, it is called referred pain. In this 
case, the pain may not be a very reliable indicator of 
its source, as it may hurt in a completely different loca- 
tion than the soft-tissue cause. Injury, disease, repeti- 
tive action, posture, and surgery can cause myofascial 
pain. Myofascial pain is often treatable with conserva- 
tive care, including massage therapy. 


Arthritis, Osteoarthritis, 
Degenerative Disk Disease, 
and Lumbar and Sacroiliac 
Subluxations 


The low back is particularly vulnerable to degenerative 
disk disease and osteoarthritis. The weight alone wears 
down the disks in time. Osteoarthritis exacerbates old 
injuries and aging, and it adds its own spin to the de- 
velopment of bony growth on the vertebrae. Stenosis, a 
narrowing of the vertebral foramen, which limits room 
for the spinal cord and spinal nerves, can result in 
predictable pain patterns to distal regions. To reduce 
stenosis, orthopedic methods might include a surgery 
called a laminectomy, wherein the posterior arch and 
the spinous processes of the midline of the vertebrae 
are removed, giving the spinal cord room. Should the 
massage therapist suspect involvemeni and/or nerve 
compression, it is appropriate to refer the client to a 
medical professional. Suspected lumbar and/or sac- 
roiliac subluxations are reasons to refer the client for 
further evaluation and possible manual therapy. After 
diagnosis, massage therapy, manual therapy, postural 
correction, and specific rehabilitation exercises are a 
good combination of conservative care for low-back 
and sacral subluxations. 
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Unwinding the Muscles of the Low 
Back: Prone or Supine? 


Sometimes, a client may tell her massage therapist, “I 
want only my back done.” Much as the therapist may 
want to fulfill the clients wish, the therapist must con- 
sider if doing so really best serves the client's needs 
and if the sequence will give the anticipated result. 
The treatment also depends on the clients medical 
history, the mechanism of injury (if any), and which 
muscles are involved in any soft-tissue dysfunction. Ii 
is much easier and more efficient to work on the neck 
and shoulders in a supine position first than to try 
and unwind the shoulder girdle muscles only from a 
prone position. In the prone position, the head cannot 
be used to passively shorten the muscles as easily, nor 
is it possible to work on any anterior muscles of the 
head, neck, and shoulder girdle. Positioning should 
be part of the expertise that the therapist lends to the 
client, thereby aiming to make the treatment more 
successful. Ii is up to the therapist to communicate 
and educate the client about the appropriate options 
that will be most advantageous to the session. 


COMFORI, SUPPORT, AND SEQUENCE 


Once you have softened the head, neck, and shoulder 
muscles in a supine position, position the client face- 
down or prone on the table. Make sure the client is 
thoroughly comfortable on the table. For a female cli- 
ent, use a table with breast recesses, if possible. Then 
place the pads from the recess holes under the anterior 
part of the shoulders. This supports the shoulders and 


TREATMENT PROTOCOL 


How do you unwind the back muscles in a sequence? 


* Take a careful medical history, appropriate for the cli- 
ent; look for contraindications; and refer the client to an 
appropriate professional when necessary. 


e Always usetreatment protocols to determine the sequence 
of a therapeutic session; assess active and passive ranges 
of motion of the neck and trunk. 


+ Position the client on the table with appropriate support. 

+  Palpate tissues. 

* Follow a dimensional approach, and critically think about 
the involved joints and muscles. 


e Determine pressure intelligently; ask for feedback from the 
client. 


shortens lengthened fibers. Rolled towels can provide 
similar support. Place a bolster under the anterior feet. 
The bolster will relax the hamstrings that are con- 
nected to the pelvic girdle via the ischial lower back. 
A small pillow or folded towel placed under the clients 
abdominal region could relieve some of the anterior 
pelvic rotation. 

When the client is comfortable on the table, proceed 
with unwinding the layers of the back muscles. Re- 
lease the soft tissue in the posterior shoulder girdle re- 
gion first. Remember that the erector spinae muscles 
are under the trapezius, rhomboids, and latissimus 
dorsi and are all connected from the neck to the sa- 
crum. Unwind the back from top to bottom. Work su- 
perficial to deep, warming up the tissues sufficienily 
before sinking into underlying layers. Methodically, 
make sure you address the soft tissue necessary to 
achieve a successful treatment goal. See the section 
below on dimensional massage therapy for techniques 
to unwind the low-back muscles. 


Dimensional Massage Therapy for 
the Muscles of the Low Back 
and Pelvic Girdle 


DEEP-TISSUE TECHNIQUES FOR 
LOW-BACK PAIN AND TENSION 

The following techniques can be used as a complete 
sequence for the low back and posterior pelvic gir- 


dle muscles. Remember to adequately prepare the 
entire back with introductory strokes of effleurage, 


e Work superficial to deep. 
e Visit all the muscles possibly involved in the problem. 
e Visit all the attachments of the involved muscles. 


+  Passively shorten muscles whenever possible with your 
techniques to decrease tension. 


* Do not overwork sore areas. 


e Intersperse compressive effleurage after applying deep, 
detailed techniques. 


e Practice shoulder girdle, head, and neck routines in a su- 
pine position before using the prone techniques. 


e See the techniques below for additional suggestions. 
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Elliptical movement of the hips 


compression, skin rolling, petrissage, and rocking, 
along with myofascial strokes and stretches, elliptical 
movements, parallel thumbs, and so on, before using 
specific deep-tissue techniques. 


PRONE BODY POSITION 


Elliptical Movement of the Hips 


Stand to the side of the face cradle. Place your hands on 
either side of the clients hips at or below the posterior 
crest on either side of the sacrum. Mobilize the hips in 
an elliptical manner, alternating clockwise and coun- 
terclockwise directions with each hand. Move your 
hands around the posterior pelvic area to compress 
and access different areas of the hips. Be genitle and 
slow, and use a rhythmic pace. Repeat several times 
during the sequence of the massage. (See figure 16.1.) 


Myofascial Stretches and Techniques 


Picking up the fasciae and releasing it from underly- 
ing structures provides a unique opportunity for deep- 
tissue work. One simple technique involves pushing 
the fasciae in a clockwise manner with one thumb 
into the opposite hand that is also gathering tissue be- 
tween a thumb and a forefinger. Use all fingers of that 
hand to help with the momentum of the stroke. (See 
figure 16.2.) Another myofascial stroke involves pick- 
ing up the tissue with the fingers of both hands in a 
slight half-moon and drawing it over the thumbs as the 
thumbs press forward toward the fingers. Apply both 
strokes repetitively over a region. (See figure 16.3.) 


Myofascial warm-up 


Half-moon warm-up 


Elliptical Movement for Lower-Back Muscles 


Facing the client's body, engage the external oblique 
and lower-back muscles on the opposite side of the 
body in an elliptical manner, moving the hands in op- 
posing clockwise and counterclockwise directions. 
(See figure 16.4.) 


Alternating Effleurage 


With a small amount of lubrication, apply a sweeping 
alternating effleurage on the lumbar section of the 
erector spinae group and quadratus lumborum. 
Remain on one side of the table, and reach across 
to the opposite side of the low back. Keeping your 
fingers together, move your hands away from each 
other in an alternating effleurage movement. Sweep 
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Elliptical movement for lower-back muscles 


from the 12th-rib area to the hip with the inferior 
hand and from the last lumbar vertebra and sacrum 
to the end of the 12th rib with the superior hand. 
Start the secondary movement before you let go of 
the initial stroke to sustain the pressure and stretch. 
Move to the opposide side of the table, and repeat the 
action. Note: One side of the back can be treated at a 
time to layer the techniques listed below. When fin- 
ished, move to the opposite side and stari over with 
the sequence. (See figure 16.5.) 


Figure Eight of the Low Back 


Face the table at the low back. Place one hand on one 
side of the low back between the posterior crest and 
the 12th rib and the other hand on the side closest 
to you. Keep your hands in a straight line with your 


Fr 


Alternating effleurage 


Figure eight of the low back 


forearms and in the direction you are facing. Make 
large circles on the low back with both hands on each 
side: The hand on the opposite side of the table goes 
clockwise; the hand closest to you goes counterclock- 
wise. After you have completed one circle, glide your 
hands over the spine and repeat the stroke. Keep al- 
ternating to opposite sides of the back several times 
for a fluid effect. Use enough pressure. Move your 
body along with the stroke. (See figure 16.6.) 


Petrissage of the External Oblique 


Facing the clients back, petrissage the external oblique 
on the opposite side of the body from hip to ribs. (See 
figure 16.7.) 


Petrissage of the external oblique 
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FIGURE 16.8  Edgingthe hip 


Edging the Hip 


Face the clients back. On the opposite side of the 
body, place the ulnar side of your superior hand on 
the outside lateral edge of the iliac crest. Draw your 
hand medially, conforming to the shape of the iliac 
crest and pinning the muscles against the ilium as you 
engage the tissues. Repeat a few times. Remember to 
use a soft hand, and use your body weight and mo- 
mentum to bring you backward. (See figure 16.8.) 


Thumb Friction 


Apply thumb friction with half circles on either side 
of the spinous processes, beginning just above the sa- 
crum and ending at the 12th thoracic vertebra. Use ap- 
propriate thumb pressure to sink into the structure of 
soft tissue around the vertebrae. (See figure 16.9.) 


Deep Transverse Friction to the Erectors 


Apply deep transverse friction on the lumbar erector 
group. Stari at the base of the lumbar spine. From 
the side of the table where you are standing, work 
on the opposite erectors. Place your hands on top of 
each other. Using straight fingertips, apply a to-and- 
fro motion 90 degrees to the spine, and cross the fi- 
bers of the muscle group with a constant downward 
pressure. Change sides and repeat the stroke on the 
other erector group. (See figure 16.10.) 


Forearm Effleurage to the Erector Spinae 


Using your forearm closest to the body, apply the ulnar 
edge to the lowererector spinae group. Glide superiorly 
over the muscle group until the muscles change diam- 


FIGURE 16.9  Thumb friction 


FIGURE 16.10 Deep transverse riction to the erectors 


eter. At this point, you can release your pressure and 
glide back down to your original position or continue 
up between the scapula and glide around laterally and 
back down to your original position. Check with the 
client for feedback about pressure. Be careful of the 
position of your olecranon process and your proxim- 
ity to the spinous processes. (See figure 16.11.) 


Trigger Points for Quadratus Lumborum 


Locate trigger points on the quadratus lumborum 
and erectors, two to four points if any. On the same 
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Forearm effleurage to the erector spinae Quadratus lumborum stretch, lifting pelvis 


side of the table, facing the client's head, press thumb 
on top of thumb, under the end of the 121h rib. Have 
the client inhale, and on exhalation sink into the trig- 
ger point. Apply pressure for 7 to 10 seconds. Ease 
out gently. Stretch the tissue. Repeat where necessary. 
Use intelligent pressure. (See figure 16.12.) 


Quadratus Lumborum and Erectors Stretch 


Stretch all fiber lengths of the muscles. Reach across 
to the opposite side of the client. For the first stretch, 
use your inferior hand to grasp the anterior iliac 
crest. Place your superior hand on the ribs. Lift the 
pelvis and push the ribs to provide a stretch. (See fig- 
ure 16.13.) Let the pelvis down gently, and place your Quadratus lumborum stretch, pushing pelvis 


hands so that you can push on the pelvis and lift the 
ribs. (See figure 16.14.) For the erectors and fibers of 
the quadratus lumborum that run from the 12th rib 

ai to the crest, cross your hands, and pin and stretch the 
fibers. (See figure 16.15.) 


SS 


Trigger points Erectors stretch 


356 pari4 Lower Extremities 


FIGURE 16.16 Parallel thumbs 


SACRUM 


Parallel Thumbs 


Facing the client's feet, line your thumbs up in a paral- 
lel line. As you press into the tissue, place one thumb 
over the next, moving down the length of the sacrum. 
Stroke the fibers first on one side of the sacrum and 
then on the other side. (See figure 16.16.) 


Deep Transverse Friction to the Sacrum 


Apply deep transverse friction across the iliac crest 
using your middle finger over your index finger 
from the same side of the table; switch sides to re- 
peat on the opposite cresti. Edge across the crest 
lateral to medial with the side of your hand. (See 
figure 16.17.) 


Trigger Points on the Sacrum and Crest of llium 


Locate trigger points on the sacrum and the crest of 
the ilium. Use care to position yourself on the sacrum 
and not in the sacroiliac joint. As the client exhales, 
press down with your thumbs on top of each other 
straight into the surface. Hold for 7 to 10 seconds to 2 
minutes. Roll under the iliac crest, and apply pressure 
to the trigger point. Ease out gently. Stretch the tissue. 
Repeat where necessary. 


Forearm Effleurage on the Posterior Crest 


Apply forearm effleurage on the posterior crest twice, 
moving from inferior to superior; change sides and 
repeat. (See figure 16.18.) 


FIGURE 16.17 Deep transverse riction to the sacrum 


FIGURE 16.18  Forearm effleurage on the posterior crest 


GLUTEALS 


Repeat elliptical movement of the hips. (See fig- 
ure 16.1.) 


Elliptical Movement on the Gluteals 


From the opposite side of the table, place your hands 
on the gluteal muscles. Apply a clockwise and coun- 
terclockwise movement alternately to the gluteals. 
Pressure should be enough to move the muscle mass 
rather than glide over it. (See figure 16.19.) The 
technique also can be applied from the same side of 
the table. (See figure 16.20.) 
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Elliptical movement on the gluteals, from 
opposite side of ihe table 


Elliptical movement on the gluteals, from same 
side of îhe table 


Circular Effleurage on the Gluteals 


Work on the same side of the table, facing the cli- 
ent's head. With one hand over the other, press and 
effleurage in a circular direction toward the sacrum. 


(See figure 16.21.) 


Anchor Hip and Separate Fibers 


Stand on the opposite side of the table, facing the cli- 
ent's low back and gluteal region. Place your superior 
hand above the crest on the opposite side of the spine 
of the low back. While you brace the low back with 
your superior hand, draw your inferior hand medially 


Circular effleurage on the gluteals 


Anchoring the hip and separating ihe fibers 


over the fibers of the gluteal muscles. Reposition the 
inferior hand, and repeat. (See figure 16.22.) 


Palm Compressive Effleurage to the Gluteus Medius 


Face the clients head. Place your inside hand on the 
sacrum. With your outside hand, use a soft palm com- 
pressive effleurage to the gluteus medius in a circular 
direction from the sacrum to the lateral crest. Repeat 
several times. (See figure 16.23.) 


Closed-Fist Stripping of the Gluteus Medius 


In a lunge position, stand to the side of the table, fac- 
ing the feet. With your outside hand, apply a relaxed 
closed fist to the gluteus medius at the crest. Stroke 
in the direction of the fibers, toward the greater 
trochanter. Repeat the stroke, starting again at the 
crest in a slightly different position on the muscle. 
(See figure 16.24.) 
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Palm compressive effleurage to the gluieus 


medius 


Deep petrissage of the gluteals 


Deep Petrissage of the Gluteals 


Standing on the opposite side of the table, facing the 
client, petrissage the gluteals. (See figure 16.25.) 


Parallel thumbs on the gluteus maximus 


Parallel Thumbs on the Gluteus Maximus 


On the same side of the table, place your hands close 
to the greater trochanter. Apply even pressure, and 
roll the thumbs over each other one at a time in a 
strip toward the sacrum. Repeat as you move in the 
shape of a fan with each strip toward the sacrum. 
(See figure 16.26.) 


Bent-Knee Compression with Passive Movement 


Face the table, and flex the clients knee closest to you. 
Hold the ankle with your hand. With your other hand, 
palpate the lateral hip rotators and gluteals, and com- 
press them with a relaxed fist as you passively move 
the leg in external and internal positions. (See fig- 
ure 16.27.) 


Bent-knee compression with passive movement 
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Deep transverse friction of the tensor fasciae latae 


Deep Transverse Friction of the Tensor Fasciae Latae 


Reaching across the table, locate the tensor fasciae 
latae just inferior to the iliac crest. Apply deep trans- 
verse friction in a hand-over-hand position to the me- 
dial side of the tensor fasciae latae. Allow the body to 
do the work for you. As you draw your fingers over 
the fibers, the weight of the body will assist you in the 
technique. (See figure 16.28.) 


Deep Transverse Friction of the Anterior 
and Posterior Crest 


Facing the client's feet, apply deep transverse friction 
from the ASIS to the PIIS using hand over hand in a 
to-and-fro motion. (See figure 16.29.) 
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Deep iransverse friction of the crest 


Deep transverse friction to the piriformis 


and lateral rotators 


Deep Transverse Friction to the Piriformis 


Facing the client's head, apply deep transverse friction 
to the piriformis and the lateral rotator using hand 
over hand in a to-and-fro motion. (See figure 16.30.) 


Trigger Points in the Lateral Rotators 


Locate trigger points in the piriformis and lateral 
rotators. As the client exhales, press into the trigger 
points. Be cautious to avoid the sciatic nerve when 
you are locating the trigger points. This may be a very 
painful area. Release as before, usually within 7 to 10 
seconds. Ease out slowly and stretch the tissue. (See 


figure 16.31.) 


Forearm Effleurage of the Sacrum and Crest 


Facing the clients head, place the inside forearm on 
or near the PIIS. Stroke toward the ASIS of the crest. 
Repeat 2 times. (See figure 16.32.) 


Trigger points in the lateral rotators 
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FIGURE 16.32  Forearm efileurage of the sacrum and crest 


Introduction 


w Chronic low-back pain affects millions of people. 


w Sources of pain include muscles, tendons, ligamenis, 
bones, disks, and facet joints. 


v/ Physical trauma, repetitive action, posture, and improper 
lifting cause problems for the low back and pelvic girdle. 


vw Massage therapy is part of a conservative approach to 
relieving chronic back pain. 


Structural Perspectives of the Low Back and Pelvic Girdle 
vw The abdomen is the front and sides of the low back. 

w The movement of the pelvic girdle can affect the low back. 
vw Contracted muscles in the low back, hips, and lower 
extremities can contribute to the position of the hips. 

w Structural perspectives give massage therapists a reason 

for approaching massage treatments dimensionally. 
v Different positions in lifting inappropriately might involve 
a variety of lower-back muscles. 


Injuries and Overuse Syndromes 

v Trauma and inappropriate lifting contribute to back injuries. 

v Diagnosis is reserved for the physician. 

vw Massage therapists should refer undiagnosed clients 
to a medical professional when they present with pain 
and fever or chills, a history of cancer with recent weight 
loss, severe trauma, significant leg weakness, sudden 
powel and/or bladder incontinence, severe continuous 
abdominal and back pain, and nausea and/or vomiting. 


Nerve Complainis 


v/ Sciatica can be defined as an inflammation of the sciatic 
nerve. 


Repeat the above techniques to the other gluteal 
region. 

Assess the success of the treatment by the release 
of the soft tissue, decrease in pain, and increase in 
the client's mobility. Remember, Rome was not built 
in a day. If the client has been in pain for a period of 
time, resolution of soft-tissue dysfunction may take 
more than one or two treatments. Chart the progress, 
and work with a conservative team approach for the 
client's benefit. 

Complete the sequence with full-back effleurage 
and any ending strokes. 


vw Sciatica can be caused by a herniated disk, foraminal 
stenosis, and/or soft-tissue entrapment. 

vw Massage therapy can help release nerve entrapment 
and relieve soft-tissue discomfort. 


Arthritis, Osteoarthritis, Degenerative Disk Disease, and 

Lumbar and Sacroiliac Subluxations 

w Arthritis, osteoarthritis, degenerative disk disease, and 
lumbar subluxations can contribute to nerve complaints. 

vw A laminectomy is a surgical procedure that removes the 
posterior arch and spinous processes of the midline of 
the vertebrae to reduce stenosis in the spinal canal and 
give the spinal cord more room. 


Unwinding the Muscles of the Low Back: Prone or Supine? 

w Positioning the client is important to the success of the 
treatment. 

vw Support the client with pillows, pads, or rolled towels to 
passively shorten muscles and provide comfort. 

vw Follow a dimensional approach, and critically think 
about the involved joints and muscles. 

vw Always use treatment protocols to determine the 
sequence of a therapeutic session. 


vw Refer clients to an appropriate professional when 
necessary. 


Dimensional Massage Therapy for the Muscles of the Low 
Back and Pelvic Girdle 


v Apply appropriate warm-up techniques to soften tissue. 

w Approach techniques methodically, unwinding soft 
tissue superficially to deep. 

vw Practice techniques, and incorporate them into a 
sequence. 
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True or False 


Write true or false after each statement. 


l. 
2. 


10. 


Sile 


Sciatica is inflammation of the sciatic notch. 


A conservative team approach for back pain 
would require surgery. 


. Always put heat on painful new injuries. 
. Erector spinae fibers stop at lumbar vertebra 1. 
„ It is important to exert caution with clients with 


a herniated disk. 


. The muscles of the lower extremities have no effect 


on the movement and position of the pelvic girdle. 


. Abdominal muscles can affect the position of the 


pelvic girdle. 


„ It is all right to massage an undiagnosed client 


who has nausea, vomiting, and severe continu- 
ous abdominal and back pain. 


. Bone spurs and/or arthritis can cause foraminal 


stenosis. 

The sciatic nerve can go through the piriformis 
muscle in some cases. 

Removing a wallet out of a person's back pocket 
will automatically fix any sciatic compression. 


Short Answers 


Write your answers on the lines provided. 


l. 


Name the superficial muscle of the low back that 
is attached to a large aponeurosis. 
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. Define myofascial pain. 


. Which lateral rotator may have an effect on the 


sciatic nerve? 


„ What can cause sciatica? 


. Define radicular pain. 


. What contributes to the degeneration of disks in 


the low back? 


2. 


Define foraminal stenosis. 


. What is a laminectomy? 


Sl 


Name the muscles of the posterior thigh that the 
sciatic nerve passes between. 


10. 


Define herniated disk. 
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11. What is cryotherapy? 


12. Give five reasons for referring an undiagnosed 
client with back pain to a medical professional. 


Multiple Choice 
Circle the correct answers. 


1. A conservative approach to chronic back pain 
would include: 


a. surgery 
b. massage, chiropractic, exercise, and physical 
therapy 


c. alaminectomy 
d. none of the above 
2. Axial pain can be: 
a. sharp or dull, constant or intermittent, mild 
or severe 
b. found in the lower extremities 
c. only sharp 
d. allofthe above 
3. The piriformis can entrap: 
a. the accessory nerve 
b. the femoral nerve 
c. the sciatic nerve 
d. none of the above 
4. Myofascial pain can be caused by: 
a. injury, trauma, lifting, surgery, posture 
b. only injury 
c. only repetitive action 
d 


the clients imagination 


— 


5 


10. 


Trauma victims experiencing back pain need to be: 
a.  massaged right away 

b. examined first by a physician 

c. given elaborate range-of-motion stretches 

d. none ofthe above 


.. Myofascial pain is: 


a. caused by the distribution of a nerve 


b. not associated with the distribution ofa 
nerve 


c. linked to the spinal nerves 
d. none ofthe above 


. Treatment protocol for working on the low back 


is to: 

a. start prone and work only on the back 
muscles 

b. start in a supine position and work superfi- 
cial to deep 

c. work on the lower extremity first 

d. go as deep as you can right away 


. Abdominal muscles: 


a.  posteriorly rotate the hips 

b. anteriorly rotate the hips 

c. do not support the back at all 
d. none ofthe above 


. Regular massage for a person who suffers from 


chronic back pain could: 

a.  assist the release of entrapped nerves and 
help relieve discomfort 

b. relieve all pain immediately 

c. do nothing for the client 

d. none ofthe above 


Fifty percent of people with back pain from me- 
chanical origin have some relief in: 


a. 2 days 
b. 2 weeks 
c. 10 days 
d. 2 years 


1. Locate bony landmarks of the lumbar vertebrae 
on a partner. 


2. Locate on a partner the origins and insertions of the 


muscles discussed in this chapter and in Chapter 15. 


„ List conservative approaches that might be 


possible for a client with back pain. 


. List which muscles are agonists and synergists 


for flexion of the trunk. 
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5. List which muscles are agonists and synergists 8. 
for extension of the trunk. 

6. Describe how to interview a client who has 9. 


back pain. 


7. Practice dimensional techniques individually 
and in a sequence on another studeni. 
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What precautions might you take should a client 
present with acute back pain? 


What precautions might you take should a client 
present with chronic back pain? 


The Knee Joint 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


17-1 Define key terms. 


17-2  Identify on a human skeleton selected bony 
features of the knee joint. 


17-3 Describe the cartilaginous and lisamentous 
structures of the knee joint. 


17-4 Draw and label on a skeletal chart the muscles, 
including origins and insertions, and ligaments 
of the knee joini. 


17-5 Palpate the superficial knee joint structures 
and muscles, including origins and insertions, 
on a partner. 


Anterior cruciate Hamstrings 

gari AUD) Lateral meniscus 
KEY Biceps femoris ra late 
TERMS Chondromalacia rai Mora 


femoral condyles 


Femoral nerve : 
Medial collateral 


Fibula ligament (MCL) 
Fibular (lateral) 

collateral ligament 
(LCL) Media! tibial condyle 


Medial meniscus 


17-6 Demonstrate all the active and passive 


movements of the knee joint with a partner. 


17-7 Name and explain the actions and importance 


of the quadriceps and hamstring muscles. 


17-8 List and organize the muscles that produce 


the movements of the knee joint and list their 
antagonists. 


17-9 Practice flexibility and strengihening exercises 


for each muscle group. 


Patella Semimembranosus Vastus lateralis 
Pes anserinus Semitendinosus Vastus medialis 
Plica Sesamoid 

Popliteus Tibia 

Posterior cruciate Tibial plateau 

ligament (PCL) Tibial tuberosity 

Q angle Tibiofemoral joint 

Rectus femoris Vastus intermedius 


Introduction 


Skiing down a slope is only one of the many sports 
that are possible because of the knee's ability to flex, 
extend, and internally and externally rotate, with its 
dynamic stability provided by its muscles balanc- 
ing the forces from the hip and the lower extremity. 
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Similar in function, in many respects, to the elbow 
joint in the upper extremity, the knee joint is the larg- 
est, most complex joint in the body; it divides the hip 
and the foot by providing the mechanism of move- 
ment and the attachments for powerful knee extensor 
and flexor muscles. These muscles enable the body 
to utilize the mobile hip joints to their maximum 


capacities in skiing, jumping, dancing, and other sim- 
ilar activities. Weight bearing and locomotion are the 
primary functions of the knee joint. The knee joint 
also has an effect on the position of the hips. When 
the knees are locked in extension, the hips rotate 
anteriorly. Observe, for example, the gymnasts final 
stance in a landing or a woman's posture in her last 
trimester of pregnancy. A locked-knee position forces 
the individuals lower back to have an accentuated 
lordosis, thereby pulling on the lower-back muscles. 
To find balance, the body often leans over, causing 
the back extensors to oppose trunk flexion and some- 
times producing a head-forward posture position. 
The domino effect caused by the position of the knee 
joint can result in many imbalances in the body. 

The powerful and movable knee joint is vulner- 
able to many injuries. It is often injured in sports 
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and other activities that require a great amount of 
mobility, yet a simple turn of the body in the wrong 
position can also cause damage. The articular sur- 
faces of both the femur and the tibia are common 
areas for knee fractures, especially in athletics. 
Age, regular wear and tear, and torque break the 
joint down over time. Each time the body takes a 
step, its weight concusses through the joint struc- 
tures to the tibia, placing major stress on the me- 
nisci. Guy wire, or tension, ligamenis connect the 
sides and insides of the knee joint to provide static 
stability. Trauma and continual torque affect liga- 
ment stability. It is no wonder that this joint is 
one of the most replaced joints in the body. The 
bones' structures are designed to provide the mo- 
bility and weight bearing that is necessary from 
this powerful joint. 


Bones 


The enlarged femoral condyles articulate on the 
matching condyles of the tibia, in a somewhat hori- 
zontal line. Since the femur projects downward at an 
oblique angle toward the midline, its medial condyle 
is slightly larger than the lateral condyle. 

The tops of the medial and lateral tibial condyles, 
known as the medial and lateral tibial plateaus, serve 
as receptacles for the femoral condyles. The tibia is 
the medial bone in the leg; ii bears much more of the 
body's weight than does the fibula. The fibula serves 
as the attachment for important knee joint structures, 
although it does not articulate with the femur or pa- 
tella. It is connected to the femur through the fibular 
collateral ligament. 

The patella is a sesamoid (floating) bone contained 
within the quadriceps muscle group and patellar ten- 
don. Its location allows it to serve the quadriceps in 
a manner similar to the work of a pulley by creating 
an improved angle of pull. This results in a greater 
mechanical advantage during knee extension. 

Key bony landmarks of the knee include the su- 
perior and inferior poles of the patella, the tibial tu- 
berosity, Gerdys tubercle, the medial and lateral 
femoral condyles, the upper anterior medial surface 
of the tibia, and the head of the fibula. The three vasti 
muscles of the quadriceps originate on the proximal 
femur and insert, along with the rectus femoris, on 
the superior pole of the patella (figures 17.1 and 17.2). 
Their specific insertion into the patella varies in that 
the vastus medialis and the vastus lateralis insert into 
the patella from a superomedial and superolateral 
angle, respectively. The superficial rectus femoris and 
the vastus intermedius, which lies directly beneath it, 


both attach to the patella from a superior direction. 
From there, their insertion is ultimately on the tibial 
tuberosity by way of the large patellar tendon, which 
runs from the inferior patellar pole to the tibial tu- 
berosity. Because this structure comes from bone to 
bone, it is often distinguished as a ligament. Gerdy's 
tuberele, located on the anterolateral aspect of the 
lateral tibial condyle, is the insertion point for the ilio- 
tibial tract of the tensor fasciae latae. 

The upper anteromedial surface of the tibia just 
below the medial condyle serves as the insertion for 
the sartorius, gracilis, and semitendinosus. The semi- 
membranosus inserts posteromedially on the medial 
tibial condyle. The head of the fibula is the primary 
location of the biceps femoris insertion, although 
some of its fibers insert on the lateral tibial condyle. 
The popliteus origin is located on the lateral aspect of 
the lateral femoral condyle. 

Additionally, the tibial collateral ligament origi- 
nates on the medial aspect of the upper medial femo- 
ral condyle and inserts on the medial surface of the 
tibia. Laterally, the shorier fibular collateral ligament 
originates on the lateral femoral condyle very close 
to the popliteus origin and inserts on the head of the 
fibula. 


Joints 


The knee joint proper, or tibiofemoral joint (fig- 
ures 17.2 and 17.3), is classified as a ginglymus joint 
because it functions like a hinge. It moves between 
flexion and extension without side-to-side movement 
into abduction or adduction. However, it is sometimes 
referred to as a rrochoginelymus joint because of the 
internal and external rotation movements that can 
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Greater trochanter 


Intertrochanteric line 


Lateral epicondyle 
Patellar surface 


Base of patella 
Apex of patella 
(a) Anterior view 


FIGURE 17.1 The femur and patella 


occur during flexion. Some authorities even suggest 
that it should be classified as a condyloid or “double- 
condyloid” joint due to its bicondylar structure. The 
patellofemoral joint is classified as an arthrodial joint 
due to the gliding nature of the patella on the femoral 
condyles. 

The ligaments provide static stability to the knee 
joint, and contractions of the quadriceps and ham- 
strings produce dynamic stability. Articular carti- 
lage protects the surfaces between the femur and the 
tibia, as is true of all diarthrodial joints. In addition 
to the articular cartilage that covers the ends of the 
bones, specialized cartilages known as the menisci 
(figure 17.3) form cushions between the bones. The 
menisci are attached to the tibia and deepen the tibial 
plateaus, thereby enhancing stability. 

The medial semilunar cartilage or, more techni- 
cally, the medial meniscus, is located on the medial 
tibial plateau to form a receptacle for the medial fem- 
oral condyle. The lateral semilunar cartilage (lateral 
meniscus) sits on the lateral tibial plateau to receive 
the lateral femoral condyle. Both of these menisci 
are thicker on the outside border and taper down, 
becoming thinner on the inside border. They can 
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Lateral supracondylar 
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Intercondylar fossa 


Ş--- facets 


(b) Posterior view 


slip about slightly and are held in place by various 
small ligaments. The medial meniscus is the larger 
of the two and has a more open C appearance than 
the rather closed C configuration of the lateral me- 
niscus. Either or both of the menisci may be torn in 
several different areas from a variety of mechanisms, 
resulting in varying degrees of severity and problems. 
These injuries often occur because of the significant 
compression and shear forces that develop as the 
knee rotates while flexing or extending during quick 
directional changes, such as those in running. 


Ligaments of the Knee Joint 


Two very important knee ligaments are the anterior 
cruciate ligament (ACL) and posterior cruciate 
ligament (PCL), so named because they cross within 
the knee between the tibia and the femur. These liga- 
ments are vital to maintaining the anterior and poste- 
rior stability of the knee joint, respectively, as well as 
the rotary stability. (See figure 17.3.) 

An anterior cruciate ligament tear is one of the 
most common and serious injuries to the knee. Ii is 
significantly more common in females than in males 


Intercondylar eminence —— 


Proximal tibiofibular 
joint 


Lateral surface 


tuberosity 


Anterior crest 


Fibula 
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Lateral condyle 
Apex 
Head of fibula 


Interosseous 
membrane 


Distal tibiofibular joint 


Lateral malleolus 


(a) Anterior view 


FIGURE 17.2 The righttibia and fibula 


during the performance of sports, such as basketball 
or soccer. The mechanism of this injury often involves 
noncontact rotary forces associated with planting and 
cutting. Studies have shown that the ACL may also be 
disrupted in a hyperextension mechanism or solely by 
a violent contraction of the quadriceps that pulls the 
tibia forward on the femur. Recent studies suggest that 
ACL injury-prevention programs may be effective in 
reducing the likelihood of injury when the programs 
incorporate detailed conditioning exercises and tech- 
niques that are designed to improve neuromuscular 
coordination and control among the hamstrings and 
quadriceps, maintain proper knee alignment, and uti- 
lize proper landing techniques. 

Fortunately, the posterior cruciate ligament is not 
often injured. Injuries of the posterior cruciate usually 
occur through direct contact with an opponent or the 
playing surface. Many PCL injuries are partial tears 
with minimal involvement of other knee structures. In 
many cases, even with complete tears, athletes may 
remain fairly competitive at a high level after a brief 
nonsurgical treatment and rehabilitation program. 

On the medial side of the knee is the tibial me- 
dial collateral ligament (MCL) (figure 17.3), which 
maintains medial stability by resisting valgus forces 


malleolus 


Lateral malleolus 


(b) Posterior view 


or preventing the knee joint from being abducted. In- 
juries to the tibial collateral occur quite commonly, 
particularly in contact or collision sports in which a 
teammate or an opponent falls against the lateral as- 
pect of the knee or leg, causing a medial opening of 
the knee joint and stress to the medial ligamentous 
structures. The tibial collateral's deeper fibers are at- 
tached to the medial meniscus, which may be affected 
by injuries to the ligament. 

On the lateral side of the knee, the fibular (lat- 
eral) collateral ligament (LCL) joins the fibula and 
the femur. Injuries to this ligament are infrequent; 
however, it is subject to postural issues and problems 
with the knee. 

In addition to the intraarticular ligaments detailed 
in figure 17.3, there are numerous other ligaments not 
shown that are contiguous with the joint capsule. 


CLINICAL 
NOTE 


368 part4 Lower Extremities 


Femur 
Patellar surface 7 
Li 

Lateral Medial condyle 
condyle [| — Posterior cruciate 
Fibular ! ligament 
collateral — Anterior cruciate 
ligament ligament 
Lateral Medial meniscus 
meniscus 

Tibial collateral 
Transverse ligament 
ligament Patellar tendon 
Fibula (cut) 
Tibia 


Quadriceps 
femoris 


Femur Quadriceps 


femoris tendon 


Suprapatellar 


r lateral 
Bursa under lateral Bursa 


head of gastrocnemius // A 


: Prepatellar bursa 
Joint capsule 


Patella 
Articular cartilage 


Meniscus Joint cavity 


Superficial 


Patellar tendon 
Deep 


Tibia 


(c) Sagittal section 


FIGURE 17.3 
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Hyperextension 


1500 


FIGURE 17.4 Active motion of the knee 


The knee can usually extend to 180 degrees, or a 
straight line, although it is not uncommon for some 
knees to hyperextend up to 10 degrees or more. When 
the knee is in full extension, it can move from there 
to about 140 degrees of flexion. With the knee flexed 
30 degrees or more, approximately 30 degrees of 
internal rotation and 45 degrees of external rotation 
can occur (figure 17.4). 

Due to the shape of the medial femoral condyle, 
the knee must externally rotate to fully extend. As 
the knee approaches full extension, the tibia must 
externally rotate approximately 10 degrees to 
achieve proper alignment of the tibial and femoral 
condyles. In full extension, due to the close congru- 
ency of the articular surfaces, there is no apprecia- 
ble rotation of the knee. During initial flexion from 
a fully extended position, the knee “unlocks” by the 
tibia rotating internally, to a degree, from its exter- 
nally rotated position to achieve flexion. 


Movements 


i) FLEXIBILITY & STRENGTH 


Movements of the Knee 


Flexion and extension of the knee occur in the sagitial plane, 

whereas internal and external rotation occur in the horizontal 
plane. The knee will not allow rotation unless it is flexed 20 to 
30 degrees or more (figure 17.5). 


Flexion 
Bending or decreasing the angle between the femur and lower 
leg; characterized by the heel moving toward the buttock. 
Extension 
Straightening or increasing the angle between the femur and the 
lower leg. 
External rotation 
Rotary movement of the lower leg laterally away from the 
midline. 
Internal rotation 
Rotary movement of ihe lower leg medially toward the midline. 
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Muscles 


Chapter 15 discussed some of the muscles involved in 
knee joint movements because of their biarticular ar- 
rangement with both the hip joint and the knee joint; 
they are not covered again fully in this chapter. The 
knee joint muscles that have already been addressed 
are the rectus femoris (knee extensor) and the sarto- 
rius and gracilis (knee flexors). The gastrocnemius, 
discussed in Chapter 19, also assists minimally with 
knee flexion. 

The quadriceps muscle group extends the knee and 
is located in the anterior compartment of the thigh. 
It consists of the rectus femoris, vastus lateralis, vas- 
tus intermedius, and vastus medialis. All four of these 
muscles work together to pull the patella superiorly; 
this, in turn, pulls the leg into extension at the knee by 
its attachment to the tibial tuberosity via the patellar 
tendon. 

The central line of pull for the entire quadriceps 
runs from the anterior superior iliac spine (ASIS) to 
the center of the patella. The line of pull of the pa- 
tellar tendon runs from the center of the patella to 
the center of the tibial tuberosity. The angle formed 
by the intersection of these two lines at the patella 
is known as the Q angle, or quadriceps angle (fig- 
ure 17.6). Normally, this angle is 15 degrees or less 
in males and 20 degrees or less in females. Gener- 
ally, females have higher angles due to having wider 
pelvises. Higher Q angles generally predispose peo- 
ple, in varying degrees, to a variety of potential knee 
problems, including patellar subluxation or disloca- 
tion, patellar compression syndrome, chondromala- 
cia, and ligamentous injuries. Young athletic women 
in jumping sports have suffered an increase in knee 
injuries over the last few years, attributed to the bio- 
mechanics of the structure of the wider pelvis. Ad- 
ditionally, females injure their ACL up to six times 
more than do males. 

The hamstring muscle group is located in the 
posterior compartment of the thigh and is respon- 
sible for knee flexion. The hamstrings consist of 
three muscles: the semitendinosus, the semi- 
membranosus, and the biceps femoris. The semi- 
membranosus and semitendinosus muscles (medial 
hamstrings) are assisted by the popliteus in inter- 
nally rotating the knee, whereas the biceps femoris 
(lateral hamstring) is responsible for knee external 
rotation. 

Two-joint muscles are most effective when either the 
origin or the insertion is stabilized to prevent move- 
ment in the direction of the muscle when it contracts. 
Additionally, muscles are able to exert greater force 
when lengthened than when shortened. All the ham- 
string muscles, as well as the rectus femoris, sartorius, 
and gracilis, are biarticular (two-joint) muscles. 
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Flexion 


Extension 


External rotation 


Movements of the knee 


For example, the sartorius muscle becomes a bet- 
ter flexor at the knee when the pelvis is rotated pos- 
teriorly and stabilized by the abdominal muscles, 
thus increasing its total length by moving its origin 
farther from its insertion. This is exemplified by try- 
ing to flex the knee and cross the legs in the sitting 
position. One usually leans backward to flex the legs 
at the knees. Again, this is illustrated by kicking a 
football. The kicker invariably leans backward to 
raise and fix the origin of the rectus femoris muscle 
to make it more effective as a leg and knee extensor. 
When children hang by the knees, they flex the hips 
to fix or raise the origin of the hamstrings to make 
the latter more effective knee flexors. 


Internal rotation 


The sartorius, gracilis, and semitendinosus—the 
muscles of the anatomical tripod—all join together 
distally to form a tendinous expansion known as the 
pes anserinus, which attaches to the anteromedial 
aspect of the proximal tibia below the level of the 
tibial tuberosity. This attachment and the line of pull 
these muscles have posteromedially to the knee en- 
able them to assist with knee flexion, particularly 
once the knee is flexed and the hip is externally ro- 
tated. The medial and lateral heads of the gastroc- 
nemius attach posteriorly on the medial and lateral 
femoral condyles, respectively. This relationship to 
the knee provides the gastrocnemius a line of pull to 
assist with knee flexion. (See table 17.1.) 
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TABLE 17.1  Agonist Muscles of the Knee Joint 


Tibial tuberosity 
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Muscles that move 
the knee—location 


Muscle location closely relates to muscle function with the knee. 
Anterior—primarily knee extension 

Rectus femoris Vastus intermedius 

Vastus medialis Vastus lateralis 
Posterior—primarily knee flexion 

Biceps femoris Sartorius 

Semimembranosus Gracilis 

Semitendinosus Popliteus 


Gastrocnemius 


Nerves 


The femoral nerve (see figure 15.12 on page 324), 
innervates the knee extensors—rectus femoris, vas- 
tus medialis, vastus intermedius, and vastus lateralis. 
The knee flexors, consisting of the semitendinosus, 
semimembranosus, biceps femoris (long head), and 
popliteus are innervated by the tibial division of the 
sciatic nerve. The biceps femoris short head is sup- 


plied by the peroneal nerve. 


Name of Muscle 


Origins 


Insertion 


Actions 


Innervations 


Vastus lateralis 


Vastus intermedius 


Vastus medialis 


Semitendinosus 


Semimembranosus 


Lateral surface of femur, 
below greater trochanter 
and upper half of linea 
aspera 

Upper two-thirds of 
anterior femoral shaft 


Linea aspera on poste- 
rior femur and medial 
condyloid ridge 


Ischial tuberosity 


Ischial tuberosity 


Lateral border of patella 
and via patellar tendon 
to tibial tuberosity 


Upper border of patella 
and via patellar tendon 
to tibial tuberosity 


Medial half of upper 
border of patella 

and via patellar tendon 
to tibial tuberosity 


Upper anterior medial of 
tibia just below condyle 


Posterior surface of 
medial condyle of tibia 


Extension of knee 


Extension of knee 


Extension of knee 


Extension of hip, flexion 
of knee, internal rotation 
of flexed knee, internal 
rotation of hip, posterior 
pelvic rotation 


Extension of hip, flexion 
of knee, internal rotation 
of flexed knee, internal 
rotation of hip, posterior 
pelvic rotation 


Femoral nerve (L2-L4) 


Femoral nerve (L2-L4) 


Femoral nerve (L2-L4) 


Sciatic nerve—tibial 
division (L5, S1-S2) 


Sciatic nerve—tibial 
division (L5, S1-S2) 


(Continued) 


372 part4 Lower Extremities 


TABLE 17.1  (Continued) 
Name of Muscle Origins Insertion Actions Innervations 
Biceps femoris Long head: ischial Lateral condyle of tibia Long head: extension Long head: sciatic 
tuberosity and head of fibula of hip nerve—tibial division 


Short head: lower half of 
linea aspera, and outer 
condyloid ridge 


Posterior surface of 
lateral condyle of femur 


Popliteus 


Upper posteromedial 
surface of tibia 


(S1-S3) 

Short head: sciatic 
nerve—peroneal divi- 
sion (L5, S1-S2) 


Both heads: flexion of 
knee, external rotation 
of hip and flexed knee, 
posterior pelvic rotation 
Flexion of knee, internal 
rotation of knee as it 
Îlexes 


Tibial nerve (L5, S1) 


Individual Muscles of 
the Knee Joint—Anterior 


QUADRICEPS GROUP: FOUR POWERFUL 
KNEE EXTENSORS 


The ability to jump is essential in nearly all sports. In- 
dividuals who have good jumping ability always have 
strong quadriceps muscles that extend the leg at the 
knee. The quadriceps (kwod'ri-seps) functions as a de- 
celerator when it is necessary to decrease speed in order 
to change direction or to prevent falling when landing. 
This deceleration function is also evident in stopping 
the body when it is coming down from a jump. The 
contraction that occurs in the quadriceps during brak- 
ing or decelerating actions is eccentric. This eccentric 
action of the quadriceps controls the slowing of move- 
menis initiated in previous phases of the sports skill. 

The quadriceps muscles are the rectus femoris 
(the only two-joint muscle of the group), vastus lat- 
eralis (the largest muscle of the group), vastus in- 
termedius, and vastus medialis. All attach to the 
patella and by the patellar tendon to the tuberosity 
of the tibia. All are superficial and palpable, except 
the vastus intermedius, which is under the rectus 
femoris. The vertical jump is a simple test that may 
be used to indicate the strength or power of the 
quadriceps. This muscle group is generally desired 
to be 25 to 33 percent stronger than the hamstring 
muscle group (knee flexors). 

Development of strength and flexibility of the 
quadriceps, or “quads,” is essential for maintenance 
of patellofemoral stability, which is often a problem 
in many physically active individuals. This problem 
is further perpetuated due to the quadriceps being 
particularly prone to atrophy when injuries occur. 
Muscles should be released through stretching before 


attempting resistance. This better prepares them to 
contract and work. 


RECTUS FEMORIS MUSCLE 


Palpation 


Palpate the rectus femoris straight down the anterior 
thigh from the anterior inferior iliac spine to the pa- 
tella, with resisted knee extension and hip flexion. 


CLINICAL 
NOTES 


Muscle Specifics 


When the hip is flexed, the rectus femoris becomes 
shorter, and this reduces its effectiveness as an exten- 
sor of the knee. The work is then done primarily by 
the three vasti muscles. Also see the rectus femoris 
discussion in Chapter 15, page 328. 
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OIAI MUSCLE CHART  RECTUS FEMORIS (rek tus fem o-ris) Two-joint muscle 


Hip flexion 


Knee extension |! | 


Name of Muscle Origins Insertion 


Anterior inferior iliac 
spine (AIIS) of ilium 
and superior margin of 
acetabulum 


Rectus femoris 


Clinical Flexibility 


Stretching this powerful muscle is important for ev- 
eryday activities and sports. Knee-tracking issues, 
wherein the patella does not track the way it should 
along the tibia, can lead to many painful conditions. 
The rectus femoris is a chronically tight muscle in 
many people. The shortened middle part of its fibers 
must be lengthened to take forces off the patella and 
improve knee biomechanics. Releasing this muscle 
also helps stabilize the pelvis in a more neutral po- 
sition. From a side-lying position, tuck the bottom 
leg up into flexion, and hold it to your chest (or as 
high as possible). Grasp the ankle of the top leg, 
and beginning from a flexed-hip position, contract 
the gluteals to move the hip back into hyperexten- 
sion. The abdominals are contracted. Gently pull on 
the ankle for a gentle 2-second stretch, and repeat. 
Be certain the hip stays down and in line with the 
shoulders; do not abduct the thigh during the move- 
ment. Contraindications: The psoas muscle should be 


Superior aspect of pa- 
tella and patellar tendon 
to tibial iuberosity 


Actions Innervations 


Flexion of hip, extension 
of knee, anterior pelvic 
rotation 


Femoral nerve (L2-—L4) 


released (lengthened) before attempting this stretch. 
The abdominals help prevent strain to the low back 
during this movement. Knee arthroplasty patients 
should use caution when performing this stretch. 


Strengthening 


The rectus femoris should be strengthened as a hip 
flexor and knee extender. Overall, the quadriceps 
may be developed by resisted knee extension activi- 
ties from a seated position. Seated positions take the 
place of exercises such as lunges, which many peo- 
ple cannot perform due to arthritic or painful knees. 
It is safer, especially for those with current or past 
injuries, to keep the pelvis fixed while extending the 
knees with the quadriceps. 

To strengthen as a hip flexor, start supine, with 
the uninvolved leg bent. Using ankle weights, lift the 
extended leg up into flexion, and lower slowly to the 
start position. Keep the foot dorsiflexed throughout 
the movement. Although the psoas is brought into 


374 part4 Lower Extremities 


action in this exercise, the proximal end of the rec- 
tus femoris helps flex the weighted hip. To strengthen 
knee extension, sit on a bench or therapy table with 
a pillow under the knees. This elevates the knees 
slightly above the hip. Contract the abdominals and 
lean the torso forward. Hold this position through- 
out. Dorsiflex the foot and slowly extend the leg; hold 
3 to 4 seconds, and lower the weighted ankle slowly. 
Contraindications: During knee extension, there may 
be tenderness if knee dysfunction exists. If so, do not 
completely extend the knee. 


VASTUS LATERALIS MUSCLE 


Palpation 


Palpate the vastus lateralis slightly distal to the 
greater trochanter down the anterolateral aspect of 
the thigh to the superolateral patella, with extension 
of the knee, particularly with full extension against 
resistance. 


CLINICAL 
NOTES 


OIAI MUSCLE CHART  VASTUS LATERALIS (vas tus lat-er-a'lis) Lateral quadriceps 


Vastus lateralis m. 


Knee 
extension 


Name of Muscle Origins Insertion 


Actions Innervations | 
E a ÎL ana ÎL e ÎL nd 


Vastus lateralis Lateral surface of femur,  Lateral border of patella Extension of knee Femoral nerve (L2-L4) 
below greater trochanter and via patellar tendon 
and upper half of linea to tibial tuberosity 


aspera 


Muscle Specifics 


All three of the vasti muscles function with the rec- 
tus femoris in knee extension. They are typically 
used in walking and running and must be used to 
keep the knees straight, as in standing. The vastus 
lateralis has a slighily superolateral pull on the pa- 
tella and, as a result, is occasionally blamed in part 
for common lateral patellar subluxation and dislo- 
cation problems. 


Clinical Flexibility 


Releasing the vastus lateralis muscle can help with 
lateral tracking issues of the patella. Stretch this mus- 
cle the same way as stretching the rectus femoris. 


Strengthening 


The vastus lateralis often pulls the patella laterally, 
especially in cyclists. The vastus lateralis is strength- 
ened through knee extension activities against 
resistance. 
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VASTUS INTERMEDIUS MUSCLE 


Palpation 


Palpate the vastus intermedius on the anteromedial dis- 
tal one-third of the thigh just above the superomedial 
patella and deep to the rectus femoris, with extension 
of the knee, particularly with full extension against 
resistance. 


CLINICAL 
NOTES 


OIAI MUSCLE CHART  VASTUS INTERMEDIUS (vas tus in ter-me 'di-us) Hidden quadriceps 


Vastus intermedius m. 


Knee extension 


Name of Muscle Origins Insertion 


Vastus intermedius Upper two-thirds of 


anterior femoral shaft 


Upper border of patella 
and via patellar tendon 


Actions 


Innervations | 


Femoral nerve (L2-L4) 


Extension of knee 


to tibial tuberosity 
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Muscle Specifics 


The three vasti muscles all contract in knee extension. 
They are used together with the rectus femoris in run- 
ning, jumping, hopping, skipping, and walking. The 
vasti muscles are primarily responsible for extending 
the knee while the hip is flexed or being flexed. Thus, 
in doing a knee bend with the trunk bent forward at 
the hip, the vasti are exercised with little involvement 
of the rectus femoris. The natural activities men- 
tioned here develop the quadriceps. 


Clinical Flexibility 


The quadriceps stretches apply for this muscle. 


Strengthening 


The knee extension exercises for the vastus lateralis 
apply here. 


VASTUS MEDIALIS MUSCLE 


Palpation 


Palpate the vastus medialis on the anteromedial side 
of the thigh just above the superomedial patella, with 
extension of the knee, and particularly with full ex- 
tension against resistance. 


CLINICAL 
NOTES 


OIAI MUSCLE CHART  VASTUS MEDIALIS (vas tus me-di-a'lis) Medial quadriceps 


Knee 
extension 


Vastus medialis m. 


Name of Muscle Origins Insertion 


Vastus medialis Linea aspera on poste- 
rior femur and medial 


condyloid ridge 


Medial half of upper 
border of patella and via 
patellar tendon to tibial 
tuberosity 


Actions 


Femoral nerve (L2-L4) 


Extension of knee 


Muscle Specifics 


The vastus medialis is very important in maintaining 
patellofemoral stability because of the oblique attach- 
ment of its distal fibers to the superior medial patella. 
This portion of the vastus medialis is referred to as 
the vastus medialis obliquus (VMO). 


Clinical Flexibility 


Full knee flexion for the rectus femoris stretches all 
the quadriceps muscles. 


Strengthening 


The vastus medialis is strengthened by knee exten- 
sions, but the VMO is not really emphasized until the 
last 10 to 20 degrees of knee extension. To help iso- 
late the medialis and correct lateral tracking of the 
patella, rotate the tibia internally during extension 
with resistance. The foot is dorsiflexed throughout 
the movement. 


Individual Muscles of the Knee 
Joint—Posterior 


HAMSTRING MUSCLES 


The hamstrings are primarily knee flexors in addi- 
tion to serving as hip extensors. Knee rotation can 
occur when the knee is in a flexed position. Knee 
rotation is brought about by the hamstring muscles 
(figure 17.7). The biceps femoris externally rotates 
the lower leg at the knee. The semitendinosus and 
semimembranosus perform internal rotation. Knee 
rotation permits pivoting movements and change in 
body direction. This rotation of the knee is vital in 
accommodating to forces developing at the hip or 
ankle during directional changes in order to make 
the total movement more functional as well as more 
fluid in appearance. 


SEMITENDINOSUS MUSCLE 


Palpation 


Palpate the semitendinosus on the posteromedial 
aspect of the distal thigh with combined knee flex- 
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Semitendinosus m. 


(long head) 
Biceps femoris m. 


(short head) 


Semimembranosus m. = 


FIGURE 17.7  Hamstring muscles 


ion and internal rotation against resistance and just 
distal to the ischial tuberosity, in a prone position, 
with the hip internally rotated during active knee 
flexion. 


CLINICAL 
NOTES 


Muscle Specifics 


This two-joint muscle is most effective when contract- 
ing to either extend the hip or flex the knee. When 
there is extension of the hip and flexion of the knee at 
the same time, both movements are weak. When the 
trunk is flexed forward with the knees straight, the 
hamstring muscles have a powerful pull on the rear 
pelvis and tilt it down in back by full contraction. If 
the knees are flexed when this movement takes place, 
one can observe that the work is done chiefly by the 
gluteus maximus muscle. 
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OIAI MUSCLE CHART  SEMITENDINOSUS (sem 'i-ten-di-no sus) Long tendon 


N Hip 
extension 


Semitendinosus m. 


Knee flexion 


Knee 
internal 
rotation 


Hip internal rotation 


Name of Muscle Origins Insertion 


Semitendinosus Ischial tuberosity 


In contrast, when the muscles are used in powerful 
flexion of the knees, as in hanging by the knees from 
a bar, the hip flexors come into play to raise the ori- 
gin of these muscles and make them more effective as 
knee flexors. Through full extension of the hips in this 
movement, the knee flexion movement is weakened. 
These muscles are used in ordinary walking as exten- 
sors of the hip and allow the gluteus maximus to relax 
in the movement. 


Clinical Flexibility 


Since the hamstring muscles act on the hip and knee, 
stretching should be performed for both areas. To 
stretch the semitendinosus as it crosses the knee, lie 
supine with a rope wrapped around the foot. Bend 
the involved leg to 90 degrees. Extend the knee, 


Upper anterior medial of 
tibia just below condyle 


Actions Innervations 


Sciatic nerve—tibial 
division (L5, S1-S2) 


Extension of hip, flexion 
of knee, internal rotation 
of flexed knee, internal 
rotation of hip, posterior 
pelvic rotation 


and use the rope for a genile 2-second stretch that 
should be felt behind the knee. Keep the other hand 
planted on the anterior thigh to prevent the femur 
from moving forward. To stretch the semitendino- 
sus at the hip, begin the same way, except extend 
the involved leg. Keep the knee extended through- 
out the movement. Lift with the psoas and rectus 
femoris into hip flexion, walking up the rope with 
both hands. Stretch 2 seconds at the end movement, 
feeling for a stretch at the ischial tuberosity. To fur- 
ther isolate this muscle, try wrapping the rope on 
the inside of the leg, effectively rotating the femur 
internally as you stretch. See Chapter 21 for pho- 
tographs showing this stretch. Contraindications: 
Make certain that the uninvolved leg stays flexed to 
help protect the lower back. Use caution if disk her- 
niations are present. 


Strengthening 


The semitendinosus is best developed through knee 
flexion exercises against resistance. Commonly 
known as hamstring curls or leg curls, they may be 
performed in a prone position on a knee flexion ma- 
chine or in a standing position with ankle weights 
attached. This muscle is emphasized when a per- 
son is performing hamstring curls while attempt- 
ing to maintain the knee joint in internal rotation. 
This internally rotated position brings its insertion 
into alisnment with its origin. The hamstrings are 
typically weak at the hip insertion, as resistance 
exercises for this area are not normally part of a 
fitness program. To strengthen the proximal hip 
attachment, use ankle weighis. Stand with the an- 
terior pelvis against a table. Turn the involved leg 
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internally, and keep it rotated throughout. Extend 
the knee and hyperextend the thigh, lifting without 
abducting. Hold at the top, and slowly lower. See 
Chapter 21 for photographs of this exercise. Con- 
traindications: This is beneficial for low-back pain, 
but use caution if lumbar dysfunction exists. 


SEMIMEMBRANOSUS MUSCLE 


Palpation 


Largely covered by other muscles, the tendon of the 
semimembranosus can be felt at the posteromedial 
aspect of the knee just deep to the semitendinosus 
tendon with combined knee flexion and internal rota- 
tion against resistance. 


OIAI MUSCLE CHART  SEMIMEMBRANOSUS (sem i-mem 'bra-no 'sus) Meniscus protector 


rotation 


Knee 


=] 


Knee 
internal 
rotation 


Hip internal 


Name of Muscle Origins Insertion 


Semimembranosus Ischial tuberosity 


Posterior surface of 
medial condyle of tibia 


Actions Innervations 


Sciatic nerve—tibial 
division (L5, S1-S2) 


Extension of hip, flexion 
of knee, internal rotation 
of flexed knee, internal 
rotation of hip, posterior 
pelvic rotation 
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CLINICAL 
NOTES 


Muscle Specifics 


Both the semitendinosus and the semimembranosus, 
along with the popliteus muscle, are responsible for 
internal rotation of the knee. Because of the manner 
in which they cross the joint, these muscles are very 
important in providing dynamic medial stability to 
the knee joini. 


Clinical Flexibility 


The semimembranosus is stretched in the same man- 
ner as the semitendinosus is. 


Strengthening 


The semimembranosus is strengthened in the man- 
ner used for the semitendinosus. 


BICEPS FEMORIS MUSCLE 


Palpation 


Palpate the biceps femoris on the posterolateral as- 
pect of the distal thigh with combined knee flexion 
and external rotation against resistance and just 
distal to the ischial tuberosity, in a prone position, 
with the hip internally rotated during active knee 
flexion. 


CLINICAL 
NOTES 


Muscle Specifics 


The semitendinosus, semimembranosus, and biceps 
femoris muscles are known as the hamstrings. These 
muscles, together with the gluteus maximus muscle, 
are used in extension of the hip when the knees are 
straight or nearly so. Thus, these muscles are used 
together in running, jumping, skipping, and hopping. 
The gluteus maximus is used without the aid of the 
hamstrings when the knees are flexed while the hips 
are being extended. This occurs when rising from a 
seated to a standing position. 


Clinical Flexibility 


The biceps femoris is stretched in the manner de- 
scribed earlier for the hamstrings, except that the leg 
is externally rotated. Lift the leg to the opposite shoul- 
der, isolating the biceps femoris on the lateral hip. 
Contraindications: Use caution if lumbar dysfunction 
exists. This is an extremely beneficial stretch for sci- 
atic issues, but tenderness may be present during the 
movement. 


Strengthening 


The biceps femoris is best developed through ham- 
string curls, as described for the semitendinosus, but 
it is emphasized more if the knee is maintained in 
external rotation throughout the range of motion, 
thus bringing the origin and insertion more in line 
with each other. The hip portion can be strengthened 
using the exercise used for the other hamstrings, ex- 
cept that the thigh is held in the externally rotated 
position. 


POPLITEUS MUSCLE 


Palpation 


With the client sitting and the knee flexed 90 degrees, 
palpate the popliteus deep to the gastrocnemius me- 
dially on the posterior proximal tibia; proceed supe- 
rolaterally toward the lateral epicondyle of the tibia, 
just deep to the fibular collateral ligament, while the 
client internally rotates the knee. 


chapter 17 The Knee Joint 381 


OIAI MUSCLE CHART  BICEPS FEMORIS (bi 'seps fe or-is) Iwo-headed hamstring 


Hip external rotation 


N, 


i 


Biceps femoris m. 
Short head 
Long head 


Z 


ip extension 


Za a 


Knee flexion 


External rotation of knee 


Name of Muscle Origins Insertion Actions Innervations 


Biceps femoris Long head: ischial Lateral condyle of tibia Long head: extension Long head: sciatic 
tuberosity and head of fibula of hip nerve—tibial division 
(S$1-S3) 
Short head: lower half of Both heads: flexion of Short head: sciatic 
linea aspera, and outer knee, external rotation nerve—peroneal divi- 
condyloid ridge of hip and flexed knee, sion (L5, S1-S2) 


posterior pelvic rotation 


Muscle Specifics 


The popliteus muscle is the only true flexor of the leg 
at the knee. All other flexors are two-joint muscles. 
The popliteus is vital in providing posterolateral 
stability to the knee. It assists the medial hamstrings 
in internal rotation of the lower leg at the knee, and 
it is crucial in internally rotating the knee to unlock it 
from the full extension position. 


CLINICAL 
NOTES 


Clinical Flexibility 

Stretching the popliteus is accomplished using the 
beni-knee hamstring stretch described earlier. 
Strengthening 


This muscle is strengthened using the bent-knee ham- 
string exercises with ankle weights. 
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OIAI MUSCLE CHART  POPLITEUS (pop li-te'us) Knee unlocker 


Feson | 


Popliteus m. 
Internal 
rotation 
Name of Muscle Insertion Actions 


Origins 


Innervations 


Posterior surface of 
lateral condyle of femur 


Popliteus 


Introduction 


v Similar in many respects to the elbow joint in the up- 
per extremity, the knee joint is the largest, most com- 
plex joint in the body. It serves to divide the hip and foot 
by providing the mechanism of movement and attach- 
ments for powerful knee extensor and flexor muscles. 
These muscles give the body the ability to utilize the 
mobile hip joints to their maximum capacities in skiing, 
jumping, and dancing. 


Bones 

w The bones of the knee joint include the femur, patella, 
tibia, and fibula. 

w The medial and lateral condyles of the femur are attach- 
ment sites for muscles. 


Upper posteromedial 
surface of tibia 


Flexion of knee, internal  Tibial nerve (L5, S1) 
rotation of knee as it 


flexes 


vw The tibial tuberosity is the attachment site for the 
quadriceps. 

vw The medial condyle area of the tibia is an attachment 
site for many muscles. 

vw The head of the fibula and Gerdy's tubercle on the 
tibia are attachment sites for muscles and the iliotibial 
tract. 


Joints 

v The tibiofemoral joint is classified as a ginglymus joint 
because it functions as a hinge. 

vw The patellofemoral joint is classified as an arthrodial 
joint. 

vw The superior tibiofibular joint is held together by 
ligaments. 


vw The menisci are cartilages that cushion the knee joint; 
they are the medial and lateral meniscus, respectively. 

w Strong ligaments called collateral ligaments attach the 
fibula to the femur and the tibia to the femur. 

vw Many ligamenits inside the knee joint add stability to the 
knee. 

w There are many bursae in the knee joint; the prepatellar 
bursa is most frequenitly inflamed. 

w The anterior cruciate ligament (ACL) and posterior cru- 
ciate ligament (PCL) cross within the knee joint. 

vw Medial and lateral collateral ligaments maintain stability 
on both sides of the knee joint. 


Movements 

vw The movements of the knee joint permit flexion, exten- 
sion, and internal and external rotation. 

w The ball-and-socket hip joint allows better positioning of 
the knee regardless of the limited movement ability of 
the knee joint. 


Muscles 

vw” The quadriceps are located anteriorly and extend the 
knee. 

w Knee flexors include the sartorius, gracilis, hamstrings, 
popliteus, and gastrocnemius. 

v The sartorius, gracilis, and semitendinosus share a 
tendinous expansion known as the pes anserinus at 
the anteromedial aspect of the proximal tibia below the 
level of the tibial tuberosity. 

w The biceps femoris accomplishes minimal external rota- 
tion of the knee joint. 

vw The semitendinosus, semimembranosus, and popliteus 
work together to do internal rotation of the knee joint. 


Nerves 

w The femoral nerve innervates the knee extensors. 

w The sciatic nerves tibial division innervates the popli- 
teus and the hamstrings, except the biceps femoris 
short head, which is innervated by the peroneal nerve. 


Worksheet Exercises 


As an aid to learning, for in-class or out-of-class 
assienments, or for testing, tear-out worksheets are 
found at the end of the text, on pages 543-546. 


True or False 
Write true or false after each statement. 


1. The vastus lateralis is the quadriceps that flexes 
the hip and extends the knee. 
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Individual Muscles of the Knee Joint—Anterior 


w Rectus femoris is named for its fibers and location. It 
flexes the hip and extends the knee. tis the only mem- 
ber of the quadriceps that has action on the hip. The 
quadriceps has a common attachment at the tibial 
tuberosity. 

vw Vastus lateralis is the largest of the quadriceps; it is 
located laterally and posteriorly around the femur and 
extends the knee. 

w Vastus intermedius is located beneath the rectus femo- 
ris on the anterior femur and assists in extending the 
knee. 

w Vastus medlialis is located medially and posteriorly and 
extends the knee. 

w Sartorius flexes the knee because it externally rotates 
and flexes the hip. It is covered in Chapter 15. 

vw Gracilis is a primary adductor but also flexes the knee. 
It is covered in Chapter 15. 


Individual Muscles of the Knee Joint—Posterior 


w Semitendinosus, a hamstring muscle, originates on the 
ischial tuberosity and attaches to the inside of the tibia. 
It flexes and internally rotates the knee. (The hamstrings 
consist of the semitendinosus, semimembranosus, and 
biceps femoris.) 

w Semimembranosus, a hamstring muscle, originates on 
the ischial tuberosity and inserts on the medial tibia. It 
flexes and internally rotates the knee. 

vw Biceps femoris, a hamstring muscle, has two heads; the 
long head originates at the ischial tuberosity, and the 
short head begins on the linea aspera. The heads come 
together and split on the tibia and fibula. Together they 
flex the knee and externally rotate it. 

vy Popliteus is a triangular-shaped muscle that spans from 
the lateral posterior femur to the medial posterior tibia. 
It flexes the knee and internally rotates the knee as it 
flexes. 

vw Gastrocnemius is one of the most superficial calf mus- 
cles. It can flex the knee or plantar flex the foot but not 
at the same time. It is covered in Chapter 19. 


2. The hamstrings all insert on Gerdys tubercle. 

. The hamstrings all flex the knee. 

4. The vastus medialis originates on the whole 
length of the linea aspera and the medial condy- 
loid ridge. 


(95) 


5. The knee joint is a true ball-and-socket joint. 

6. The ligament of Wrisberg is a ligament in the 
back of the knee. 

7. The tibial division of the sciatic nerve innervates 
the quadriceps. 
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10. 


Îl îl 


. The ischial tuberosity is the origin for the rectus 


femoris. 


. The popliteus originates on the posterior surface 


of the lateral condyle of the femur. 

The short head of the biceps femoris originates 
on the adductor tubercle. 

The hamstrings are twice as strong as the 
quadriceps. 


Short Answers 


Write your answers on the lines provided. 


„ List the muscles that flex the knee. 


. What is the structure that attaches to Gerdys 


tubercle? 


1. What bones articulate at the knee joint? 
9. Name the nerve that innervates the quadriceps. 
2. The knee joint is what type of joint? 
10. List the muscles that internally rotate the knee. 
3. What are the structures inside the knee joint that 
cushion shock? What are their names? 
Multiple Choice 
Circle the correct answers. 
1. The quadriceps consists of: 
4. Name the ligaments on the medial and lateral a. rectus femoris, vastus lateralis, vastus media- 
j side of the knee joints lis, and vastus intermedius 
b. biceps femoris, vastus lateralis, vastus media- 
lis, and vastus intermedius 
c. rectus femoris, biceps femoris, vastus latera- 
lis, and vastus intermedius 
d. none of the above 
5. What is the bursa on the front of the patella 2. The pes anserinus area has which three muscles 
called? attached to it? 
a. gracilis, vastus lateralis, and sartorius 
b. sartorius, gracilis, and semimembranosus 
c. sartorius, gracilis, and semitendinosus 
d. none of the above 
3. The hamstrings consist of: 
6. Name the muscles that extend the knee. 


a. semitendinosus, biceps femoris, and gracilis 
b. sartorius, gracilis, and semimembranosus 


c. biceps femoris, semitendinosus, and semi- 
membranosus 
d. none of the above 


4. The primary knee flexors are: 
a. hamstrings, sartorius, gracilis, popliteus, and 
gastrocnemius 


b. hamstrings, quadriceps, gracilis, popliteus, 
and gastrocnemius 


c. biceps femoris, quadriceps, gracilis, popliteus, 
and gastrocnemius 


d. none of the above 
5. The vastus intermedius originates on: 
a. the posterior surface of the femur 
b. the anterior surface of the femur 
c. Gerdys tuberele 
d. none of the above 
6. The two ligaments that cross inside the joint are: 
a. ligament of Wrisberg and the medial meniscus 
b. anterior and posterior cruciate ligaments 
c. medial and lateral collateral ligaments 
d. none of the above 
7. The joint between the fibula and the tibia is called: 
a. Gerdys tubercle 
b. superior tibiofibular joint 
c. tibiofemoral joint 
d. hip joint 


—z 


1. Locate the following parts of bones on a human 
skeleton and on a partner. 


a. Skeleton: 


. Head and neck of femur 
. Greater trochanter 

. Shaft of femur 

. Lesser trochanter 

. Linea aspera 

.„ Adductor tuberele 

. Medial femoral condyle 
. Lateral femoral condyle 
. Patella 

10. Fibula head 

11. Medial tibial condyle 
12. Lateral tibial condyle 
13. Tibial tuberosity 

14. Gerdys tubercle 


b. Partner: 


1. Greater trochanter 
2. Adductor tubercle 
3. Medial femoral condyle 


O OOADNULBUWN = 
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The flat area on the superior tibia that has carti- 
lage on it is often called: 

a. the tibial plateau 

b. the landing 

c. the tibial tuberosity 

d. none of the above 


. The bony landmark on the posterior femur that 


runs the length of the bone and is an attach- 
ment site for some quadriceps and hamstrings is 
called the: 

a. medial and lateral condyles 

b. linea aspera 

c. adductor tubercle 

d. ischial tuberosity 


The Q angle is the angle between the line from: 


a. the anterior superior iliac spine to the central 
patella and the line from the central patella to 
the tibial tuberosity 

b. the anterior superior iliac spine to the ischial 
tuberosity and the line from the central pa- 
tella to the tibial tuberosity 

c. the anterior inferior iliac spine to the central 
patella and the line from the central patella to 
the tibial tuberosity 

d. none of the above 


. Lateral femoral condyle 
. Patella 

. Fibula head 

. Medial tibial condyle 

. Lateral tibial condyle 

. Tibial tuberosity 

. Gerdy's tubercle 


DOO AD UP 


= 


. How and where can the following muscles be 


palpated on a human? (Note: Palpate the previ- 
ously studied hip joint muscles while they are 
performing actions at the knee.) 

.„ Gracilis 

.„ Sartorius 

. Biceps femoris 

Semitendinosus 

Semimembranosus 

Rectus femoris 

. Vastus lateralis 

.„ Vastus intermedius 

Vastus medialis 

Popliteus 


zi a) pile eee spa) 
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„ Be prepared to indicate on a human skeleton, by 


using a long rubber band, the origin and inser- 
tion of the muscles just listed. 


. Demonstrate the following movements, and list 


the muscles primarily responsible for each: 
a. Extension of the leg at the knee 

b. Flexion of the leg at the knee 

c. Internal rotation of the leg at the knee 
d. External rotation of the leg at the knee 


. With a laboratory partner, determine how and 


why maintaining the position of full knee exten- 
sion limits the ability to maximally flex the hip 
both actively and passively. Does maintaining 
excessive hip flexion limit your ability to accom- 
plish full knee extension? 


. With a laboratory partner, determine how and 


why maintaining the position of full knee flexion 
limits the ability to maximally extend the hip 


Flexion 


10. 


both actively and passively. Does maintaining 
excessive hip extension limit your ability to ac- 
complish full knee flexion? 


. Compare and contrast the bony, ligamentous, 


articular, and cartilaginous aspects of the medial 
knee joint to those of the lateral knee joint. 


„ Research preventive and rehabilitative exercises 


to strengthen the knee joint, and report your 
findings in class. 


„ Which muscle group at the knee would be most 


important to develop for an athlete with a torn 
anterior cruciate ligament, and why? A torn pos- 
terior cruciate ligament? Why? 


Muscle analysis chart: Fill in the chart below by 
listing the muscles primarily involved in each 
joint movement. 


Extension 


Internal rotation 


Antagonistic muscle action chart: Fill in the chart 
below by listing the muscle(s) or parts of mus- 
cles that are antagonistic in their actions to the 
muscles in the left column. 


Agonist 


Biceps femoris 


External rotation 


Antagonist 


Semitendinosus 


Semimembranosus 


Popliteus 


Rectus femoris 


Vastus lateralis 


Vastus intermedius 


Vastus medialis 


Dimensional Massage Techniques for the 
Muscles of the Thigh and Knee Joint 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 
18-1 Define key terms. 


18-2 Locate on a human skeleton bony structures 
of the hip and knee joints. 


18-3 Palpate bony landmarks of the hip joint and 
knee joint on a partner. 


18-4 Explore the origins and insertions of the 
muscles of the knee joint on a partner. 


18-5 Review general pathologies and conditions 
of the muscles and soft-tissue structures of 
the knee joint. 


18-6 Discuss a treatment protocol for working on 
muscles of the thigh for the hip and knee joints. 


Contracted iliotibial Genu varum 
tract 


KEY 
TERMS 


Genu valgum Hematoma 


18-7 Demonstrate safe body mechanics. 


18-8 Practice specific techniques on the knee joint 
muscles. 


18-9 Incorporate dimensional massage therapy 
techniques in a regular routine or use them 
when needed. 


18-10 Determine safe treatment protocols and refer 


the client to other health professionals when 
necessary. 


Knee replacement Ober's test Patellar tracking 


Osgood-Schlatter 


Meralgia paresthetica disease Prosthesis 


Introduction 


With appropriate training and practice, the thigh 
muscles have the ability to provide the strength and 
power to complete amazing athletic accomplish- 
ments. The size of the thigh should be directly re- 
lated to the amount of power and strength needed 
for a particular sport. For example, sprinters and 
hurdlers have massive thigh muscles, whereas 
marathon runners, who need to maintain endur- 
ance, require less mass to go the distance. The 


strength of the thigh muscles provides a support- 
ive structure for the pelvic girdle, hip, and knee 
joint. Strong, flexible thigh muscles help guide the 
knees to the positions that the hip joint allows. 
Like guy wires, the muscles connect from the pel- 
vic girdle to both sides of the knee to provide a line 
of pull and supportive mechanism for movement. 
The thigh carries the largest bone in the body and 
has the longest muscles. The knee joint, the larg- 
est joint in the body, provides attachments for the 
massive thigh muscles, mobility, and structural 
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components that try to ward off wear and tear, in- 
jury, and disease throughout one's life. 

Massage therapy for the muscles of the thigh and 
knee joint can help facilitate rehabilitation from 
injury or surgery, prevent atrophy, relieve back 
pain, provide relaxation, or be included as part of a 
sporis training or event program for athletes, danc- 
ers, and others. A conservative team effort might 
also include stretching and flexibility exercises, 


physical therapy for rehabilitation, acupuncture, 
and chiropractic for back involvement. While this 
is by no means a complete list, it is an example of 
modalities working together for common goals. 
Surgery, a more dramatic therapy, might be nec- 
essary for injury repair or knee replacement. Mas- 
sage therapy and other modalities should be pari of 
the rehabilitation process. 


Structural Perspectives 
of the Knee Joint 


The pelvic girdle supports the femur and supplies a 
base for the muscles of the thigh. The thigh is the first 
part of the lower extremity and needs to be in the best 
shape for power and support. Many people do not 
have a perfect stance and gait. When the thigh mus- 
cles are not able to support the knee joint or when 
the body has too much weight or an individual walks 
with hips in externally or internally rotated positions, 
the trunk and pelvic girdle muscles might shorten, 
eventually leading to lower-leg length deformities 
and abnormal gait patterns. Foot problems and/or 
structure may affect the position of the feet as they 
strike the ground. The mechanism of walking spirals 
up the kinetic chain, thereby affecting the position of 
the knees and hips as the body moves. Several other 
structural problems might occur. 

Genu valgum, or knock-knees, is a walking pattem 
marked by a lateral angulation of the leg in relation 
to the thigh. The thigh responds by medially rotat- 
ing, thus putting strain on the hip muscles and torque 
on the medial knee and resulting in probable patellar- 
tracking issues and an apparent corrective foot pattern. 
This can be a congenital condition, but the cause is not 
always known. Genu varum, or bowlegs, is a walking 
pattern marked by a medial angulation of the leg in 
relation to the thigh. This variation puts strain on the 
lateral side of the knee and often presents with walking 
on the lateral side of the foot. It is important to deter- 
mine the cause of the above knee positions and gait is- 
sues. Podiatrists, exercise physiologists, and experts in 
gait and foot problems are best at diagnosing walking 
patterns and thigh-leg relationships. 

Patellar tracking is often the result of unusual gait 
problems that prevent the patella from riding normally 
over the knee in a superior and inferior direction dur- 
ing extension and flexion, respectively. When the knee 
is torqued in a more medial or lateral position, it may 
lead to proper, normal tracking of the patella during 
movement, causing pain in and around the knee. Re- 
leasing the tight muscles used to prevent the patella 
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from tracking erratically will help, but the structural 
cause of the gait problem needs to be addressed. 

The iliotibial tract braces the knee for walking and 
for running. The tract or band becomes contracted 
from overuse as the muscles that lead into it shorten. 
The tensor fasciae latae and the gluteus maximus are 
the primary culprits of hypertonicity and can contrib- 
ute to a contracted iliotibial tract. The tract itself has 
no properties of contractility, but when palpated on a 
marathon runner, it can feel like a taut guitar string. 
This problem can lead to knee issues and gait dysfunc- 
tions. Ober's test is an orthopedic test for a contracted 
iliotibial tract. Position the client side-lying with the 
presenting extremity on top of the uninvolved limb. 
Support the bent knee. If the tract is contracted, the 
knee will not be able to stretch medially to close the gap 
between the two extremities. Massage, exercise, and 
stretching will assist in resolving a contracted iliotibial 
tract resulting from tight muscles, but problems with 
gait, foot structure, and so on, should be approached 
with a conservative team and appropriate diagnosis. 

As mentioned in Chapter 17, the thigh muscles and 
knee joint can have a direct effect on the position of 
the pelvic girdle and its rotation. An external rotation 
of the hip can throw off gait, cause discomfort in the 
lower back, and create an imbalance in the muscular 
group relationships. The thigh muscles serve as com- 
munication links between the hip and the knee. 


Muscles 


The thigh muscles between the pelvic girdle and the 
knee house several two-jointed muscles that service 
both major joints. The muscles are located in their line 
ofpull and in groups. The hip flexors and knee extensors 
are anterior and oppose the posterior hip extensors and 
knee flexors. Adductors of the thigh and internal knee 
rotators are located medially, and outer thigh muscles 
abduct the thigh. (See Chapter 17 for a review of the 
muscles, their locations, and groups of action.) 
Balancing the muscles of the thigh requires ap- 
propriate stretching, strengthening, and training. The 
quadriceps are stronger than the hamstrings; only one 
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of the quadriceps, the rectus femoris, is a two-joint 
muscle, whereas the hamstrings are all multiarticular 
with the exception of the short head of the biceps fem- 
oris. Hamstring strains are more common in track- 
and-field events than are quadriceps strains or injuries. 
With hamstring strains and injuries, it is not unusual 
to see a large hematoma with extensive ecchymosis or 
bruising on the posterior thigh. Athletes recover from 
hamstring injuries, but recovery requires a conserva- 
tive team approach that includes massage therapy. 


Injuries and Overuse Syndromes 


Though not specifically designed for anything but 
flexion and extension, the knee joint can wear out 
over time. The tibial plateau receives the brunt of the 
bodys weight, and this compromises the structures 
inside the knee. Traumatic falls (including motoreyele 
accidents, for example), excessive weight, aging, and 
arthritis can all lead to knee surgeries that include 
knee replacements and repair of torn cartilage and/or 
ligaments. Ligament injury can involve the anterior 
and/or posterior cruciate ligaments inside the knee 
or the collateral ligamenis that bind the medial and 
lateral sides of the knee. Knee sprains involving liga- 
ments may be resolved though physical therapy, exer- 
cise, and appropriate stretching. Some ligament tears 
have to be surgically repaired. The knee cartilage, 
known as the medial and lateral menisci, can become 
torn, particularly from torsional and compressive 
forces. The menisci are necessary to reduce friction 
between the femur and the tibia, and they help sta- 
bilize the knee joint. Problems with injured menisci 
cause much knee pain and probable development of 
arthritis. There are many interim steps to take in the 
management of arthritic knee pain, including exer- 
cise, weight loss, orthotics, therapeutic injections, and 
possible arthroscopic surgery. Ultimately, if enough 
deterioration occurs and conservative measures fail, 
a knee replacement might be inevitable. 

Structural changes in the knee joint, abnormal gait 
patterns, or imbalanced muscular development in the 
thigh can cause a trigger point in the fibular collateral 
ligament. Trigger points are not necessarily limited to 
the muscles and/or tendons. Structural torque to the 
fibular collateral ligament can provoke the develop- 
ment of pain in the lateral side of the knee from an 
irritated trigger point. Therapists should take care to 
rule out iliotibial band issues. Strengihening, stretch- 
ing, correcting gait patterns and structural problems, 
and massage therapy can help reduce and sometimes 
resolve the lateral knee pain from a trigger point in 
the fibular collateral ligament. 

Osgood-Schlatter disease is a dysfunction with the 
growth plate ofthe tibial tuberosity that causes pain in 


the superior anterior tibial region, probable tracking 
issues, and tendonitis of the patella. It may be genetic 
and most problematic in active adolescent boys, but 
most often trauma to the front of the knee is involved. 
Although the massage therapist can do nothing about 
the growih plate, ice massage may help the patellar 
tendon at its attachment at the tibia. A conservative 
approach includes stretching and exercise, as well as 
massage to the soft tissue of the thigh muscles. 

There are many more injuries and problems in re- 
lation to the knee joint. As discussed in Chapter 17, 
prepatellar bursitis, or “water on the knee,” can be 
painful for anyone who spends time kneeling. A swol- 
len patellar tendon may be tendonitis. Patellar sub- 
luxations or even dislocations can occur and may 
require management by an orthopedist, followed by 
rehabilitation by an athletic trainer or physical thera- 
pist. See Chapter 17 for a discussion of the Q angle. 
Many patellofemoral conditions are partially due to a 
weak vastus medialis. Additionally, nerve complaints 
can be a painful complication. 


Nerve Complaints 


FEMORAL NERVE AND SCIATIC NERVE 


As discussed in Chapter 17, it is possible for thigh soft 
tissue to entrap either the femoral nerve or the sciatic 
nerve. Pain in the anterior thigh, or meralgia par- 
esthetica, can be attributed to branches of the femo- 
ral nerve being compromised at some location, often 
from soft tissue. Since it can be a bit ofa mystery, an 
experienced diagnostician should be consulted, but 
massage therapy can release the soft tissues of this 
troublesome condition. 

The sciatic nerve passes between the biceps femoris 
and the adductor magnus in the posterior thigh. Hyper 
tonic tissues, and sometimes compressed tissues from 
sitting, can cause pain in the posterior thigh muscles. 
Remember that the sciatic nerve can be compromised 
in a variety of ways in the lower-back and pelvic girdle 
region. Since the sciatic nerve traverses through the 
lower extremity in its divisions, it should not be as- 
sumed that problems with the nerve come only from 
the lower back and pelvic girdle. See Chapter 16 for 
more information on the involvement of the piriformis 
with the sciatic nerve (piriformis syndrome). 


Arthritis, Osteoarthritis, 
and Surgical Intervention 


In addition to trauma, osteoarthritis in the knee joint 
can lead to friction, meniscal wear, and eventual knee 
replacement. If the patella does not track appropri- 
ately, arthritic changes can develop in the articular 
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surfaces of the patellofemoral joint, causing increased 
friction. Age and obesity hasten arthritic changes in 
the knee joini. 

Knee replacement is a common solution for a 
painful hinge joint that no longer functions properly. 
Replacing the existing hinge joint requires a complete 
substitute hinge, or prosthesis. The patellar tendon 
may be partially or completely severed, and the femur 
and tibia are cut to fit the new hinge joint. Very soon 
after surgery, the patient is fitted with a passive mo- 
tion machine that starts the rehabilitation process 
with a repetitive flexing of the knee joint, passively 
exercising the thigh muscles. Knee replacements are 
one of the most successful prostheses for the human 
body. Massage therapy, stretching, and additional 
physical therapy will assist the recovery and aid in 
compensatory changes in the back and other areas. A 
regular exercise program will be necessary for keep- 
ing the thigh muscles fit and is an important part of 
the success and maintenance of the new joint. 


KNEE REPLACEMENT 


Consider this scenario: A 48-year-old male hit a rock 
in his driveway with a motoreyle doing about 15 mph. 
Unfortunately, he stuck his right foot out to brace his 
fall. The momentum of the accident forced his femur 
to split his tibia as he tumbled over and landed on 
his back, fracturing his left scapula. The first surgery's 
focus was on saving his tibia by screwing the bone 
together. The second surgery removed the screws, 
especially the one that had worked its way up into 
the joint and was making a groove in the femur as he 
walked. The third surgery was an arthroscopy to see 
what was left, if anything, of the meniscal cartilage. 
The fourth and final surgery replaced the knee with 
a prosthesis. The knee joint could not be replaced in 
the first surgery, as the tibia was too damaged for re- 
placemeni. The tibia had to repair enough to accept 
the eventual prosthesis. 

This true story briefly outlines the possibilities 
with extreme trauma and surgical intervention. 
Generally, a healthy knee joint, without trauma or 
problematic gait issues, just needs exercise, stretch- 
ing, and massage to provide maintenance for regular 
function. 


Unwinding the Muscles of the Thigh 
and Knee Joint: Where to Start? 


Ordinary soft tissue can be manipulated with regu- 
lar Swedish techniques, but athletic thighs that are 
designed like tree trunks have to be approached with 
techniques that will compress, lengihen, and broaden 
fibers successfully. Techniques listed in the dimen- 
sional massage section will help to unwind the thigh 


muscles systematically, superficial to deep. Add the 
techniques to your tool belt, and choose the appro- 
priate strokes for the desired outcome and individual 
needs of the client. 

More than the specific sequence, the questions to 
consider are what soft-tissue problem affects which 
joints and what is the purpose of the massage treat- 
menit. Since so many thigh muscles are two-joint acti- 
vators, it makes sense to approach the knee joint first 
from the hip and anterior thigh. Unwind the quadriceps 
first, as they are stronger and stacked together logisti- 
cally with the hip flexors. Addressing the hip flexors 
helps relieve any restraints on the hip joint in flexion. 
Treat the sartorius, gracilis, and semitendinosus as a 
“group,” as they insert on the medial knee at the pes 
anserinus. This medial knee area is often sore because 
of the functional connection of these guy wires. 

Adductors have a tendency to be weak, but if you 
are working with an equestrian, these muscles are 
going to be primary targets. Adductor muscles fill in 
the gaps of the middle and posterior thigh. If the lat- 
eral thigh is very dense and is pulling on the iliotibial 
tract, work on the quadriceps first, paying particu- 
lar attention to the vastus lateralis. Connective tis- 
sue from the vastus lateralis connects to the iliotibial 
tract. Make sure to address the tensor fasciae latae 
and the gluteus maximus, as they both insert into the 
iliotibial tract. Do not ignore the fibular collateral lig- 
ament and the lateral knee. 

A dimensional approach to the posterior thigh 
must include work on the muscles of the poste- 
rior pelvic girdle. Remember that the hamstrings, 
which are posterior thigh muscles, are multiarticu- 
lar muscles and affect the pelvic girdle position, the 
hip joint, and the knee joint. Apply techniques to all 
the attachments of the hamstrings. Soreness can de- 
velop at the attachment areas. The hamstrings and 
posterior muscles may be the last stronghold of back 
dysfunction, since you have already addressed the 
overpowering quadriceps and hip flexors. They must 
be included when treating the lower-back and pel- 
vic girdle musculature. See Chapter 16 for low-back 
techniques. Naturally, you would not ignore the leg 
muscles. See techniques for the leg, ankle, and foot 
in Chapter 20. 


Dimensional Massage Therapy 
on the Muscles of the Thigh 
and Knee Joint 


The following techniques can be used as a complete 
sequence for the thigh muscles and knee joint issues or 
can be incorporated into other treatment sequences. 
To make smooth transitions between strokes, use 
effleurage or compressive effleurage liberally. 
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TREATMENT PROTOCOL 


How do you unwind the thigh muscles and knee joint in a 
sequence? 


* Take a careful medical history appropriate for the client; look 
for gait issues, patellar tracking, and foot structure problems. 


* Always use treatment protocols to determine îhe sequence 
of a therapeutic session; assess active and passive ranges 
of motion of the hip and knee. 


e  Palpate tissues. 


* Follow a dimensional approach, and critically think about 
the involved joints and muscles; work the muscles in 
groups and in paired opposition. 


SUPINE BODY POSITION 
Rock and Roll 


This technique is a great choice for initial contact, es- 
pecially for thighs that have a lot of density. For the 
quadriceps and femoral muscles, stand to the side of 
the table and place both hands on either side of the 
lateral and medial thigh. Alternately pass the large 
muscle masses from hand to hand, lateral to medial 
and back, as you roll the muscles around the femur 
vigorously. Start as superior as possible, and work to- 
ward the knee. Use this technique at any time again 
throughout the routine. (See figure 18.1.) 


Elliptical Movement of the Quadriceps 


Stand to the side of the table, and place your hands 
in position for the rock-and-roll technique on the 


FIGURE 18.1 


Rock and roll 


+ Determine pressure intelligently; ask for feedback from the 
client. 

* Work superficial to deep. 

e Visit all the muscles possibly involved in the problem. 

e Visit all the attachments of the involved muscles. 

*  Passively shorten muscles whenever possible with your 
techniques to decrease tension. 

* Do notoverwork sore areas. 


* Begin supine, and iry the techniques below for a dimen- 
sional approach. 


medial and lateral quadriceps. Grasp and mobilize 
the tissue in alternating clockwise and counter- 
clockwise directions. Reposition your hands more 
toward the knee, and repeat the alternating direc- 
tions. Keep repositioning your hands until you are 
right above the knee on the patellar tendon area. 
(See figure 18.2.) 


Jostling the Quadriceps 


Jostle all four muscles by tossing the quadriceps back 
and forth between both hands, starting superiorly 


FIGURE 18.2  Elliptical movement of the quadriceps 
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Jostling ihe quadriceps 


and moving toward the knee. (See figure 18.3.) To 
isolate the rectus femoris, pick it up with one hand 
and jostle the muscle from origin to insertion. 
(See figure 18.4.) 


Compression Using Thigh Rotation 


For regular compression, apply one or two hands 
to the quadriceps and compress the tissue, moving 
from origin to insertion. Be careful not to “roll” off 
the muscles as you compress. For compression using 
medial thigh rotation, place one hand on the medial 
thigh. Place your other hand on the lateral thigh close 
to the knee. As you compress into the medial thigh 


Jostling ihe rectus femoris 


Compression using medial thigh rotation 


musculature, roll the thigh in a medial direction. For 
the lateral thigh muscles, reposition the hand on the 
lateral thigh, and repeat compression toward the knee 
as you roll the thigh laterally. (See figure 18.5.) 


Myofascial Techniques for the Quadriceps 


Face the clients thigh at the side of the table. Place 
your hands side by side on the quadriceps. Place your 
thumbs on the lateral side of the quadriceps, and 
draw the muscle over your thumbs with your fingers. 
Repeat superiorly to inferiorly. The same technique 
can be utilized from the opposite side of the table for 
the vastus medialis. (See figure 18.6.) 


Myofascial techniques for the quadriceps 


chapter 18  Dimensional Massage Techniques for the Muscles of the Thigh and Knee Joint 393 


FIGURE 18.7  Wringing the thigh muscles 


Wringing the Thigh Muscles 


Place your hands on the clients lateral and medial 
thigh muscles. Compress, and as you let go of the 
pressure, lightly wring, and switch your hand posi- 
tions. From the superior thigh, move toward the knee, 
compressing, lightly wringing, and switching hand 
positions. You also can place one hand on the rectus 
femoris and the other on the posterior thigh muscles, 
compress, lighily wring, and switch hand positions. 
(See figure 18.7.) 


Broadening the Quadriceps 


Place your hands next to each other on top of the client's 
thigh. Compress and spread the tissues laterally. Start 
superiorly and work toward the knee. Some therapists 
slightly lift the tissues before they broaden them. Use a 
small amount of lubrication. (See figure 18.8.) 


Compressive Effleurage 


Effleurage the clients entire lower extremity, but use 
a deeper penetrable pressure that literally compresses 
the tissues as you stroke toward the hip. Isolate the 
quadriceps and anterior thigh muscles, and stroke to- 
ward the hip. Repeat liberally throughout the routine. 
(See figure 18.9.) 


Palmar Circular Friction Superior to the Knee 


Apply your palms above and to the medial and lateral 
sides of the clients knee. Make compressive circles on 
the insertions of the vastus lateralis and medialis. 


FIGURE 18.8  Broadening the quadriceps 


Tensor Fasciae Latae Technique with Flexed 
Hip and Knee 


To passively shorten the tensor fasciae latae, flex the 
hip and knee. With your superior hand, grasp the 
tensor fasciae latae and draw your fingers across the 
fibers as you rotate the hip internally. Repeat. (See 
figure 18.10.) 


FIGURE 18.9  Compressive effleurage 
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FIGURE 18.10  Tensor fasciae latae technique 


Parallel Thumbs to the Vastus Lateralis 


Isolate the vastus lateralis. Place your thumbs under- 
neath the muscle close to its origin laterally. Move 
in an inferior fashion with the parallel thumbs tech- 
nique, ending just above the knee. (See figure 18.11.) 


Bent Fingers to the lIliotibial Tract 
and Vastus Lateralis 


Place your inferior hand on the clients knee. Roll the 
thigh internally from the hip with your hand at the 
knee. With your superior hand, press your fingers, 
bending at the metacarpophalangeal joints, against 
the lateral knee on the iliotibial tract and vastus lat- 
eralis. Move your hand in a superior direction toward 
the hip. Your hand should be relaxed as it collapses 
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FIGURE 18.12  Bent fingers to the iliotibial tract and vastus lateralis 


into the soft tissue. Do not use a fist. Use caution with 
your pressure. (See figure 18.12.) 


Vibrate the lliotibial Tract and Vastus lateralis 


With your inferior hand, roll the clients hip inter- 
nally. With your superior hand, start at the tensor fas- 
ciae latae and vibrate toward the tibia. Repeat several 
times. (See figure 18.13.) 


Petrissage and Friction 


Apply alternating petrissage and circular friction to 
the client's thigh muscles. 


Deep Transverse Friction for Attachments of the 
Rectus Femoris 


Flex the client's knee and hip. Locate the origin of the 
rectus femoris. Slide across the origin with your thumb 
to separate the fibers. Return the thigh to the table. 
Locate the patellar tendon above the knee. Apply deep 
transverse friction to the tendon with both thumbs 
simultaneously going in lateral and medial directions. 


FIGURE 18.11 Parallel thumbs to the vastus lateralis 


FIGURE 18.13  Vibrating the iliotibial tract and vastus lateralis 
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Stripping the sartorius 


Stripping the Sartorius 


The sartorius can be successfully stripped, as ii 
is a superficial muscle. Locate the insertion and 
strip toward its origin. Place one hand on top of 
your fingers at a right angle and strip toward the 
origin, using the pressure of both hands. (See fig- 
ure 18.14.) 


Forearm Stroking 


Forearms can stroke the quadriceps in three sections: 
lateral-, middle-, and inner-thigh areas. Angle your 
forearm, and secure the tissues before compressing 
the muscles and gliding from knee to hip area. (See 
figure 18.15.) 


Forearm stroking 


Broadening the quadriceps with active shortening 


Broadening the Quadriceps with Active Shortening 


The whole lower extremity can be off the table or over 
a bolster, as pictured. Start just above the clients knee. 
As the client actively and slowly begins to raise the leg 
in knee extension, broaden the quadriceps fibers. Have 
the client repeat knee extension as you move in a supe- 
rior position, broadening the fibers. (See figure 18.16.) 


Lengthening the Rectus Femoris 
with Active Engagement 


Have the client flex the hip. Position your collapsed 
fingers just above the knee. As the client slowly brings 
the lower extremity to the table, strip superiorly with 
your collapsed fingers. Repeat the procedure again 
until you reach the hip. (See figure 18.17.) 


Lengihening the rectus femoris with active 


engagement 
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FIGURE 18.18  Loose-fist percussion 


Trigger Points 


Locate and apply digital pressure to trigger points 
in taut bands of tissue. Follow with stretches of the 
tissue. 


Loose-Fist Percussion 


Practice a variety of tapotement on these large ante- 
rior thigh muscles. (See figure 18.18.) 


PRONE 


Elliptical Movement of the Posterior Thigh Muscles 


Passively shorten the hamstrings by flexing the knee. 
Place your hands on the medial and lateral sides 
of the posterior thigh muscles. Alternately move 
the musculature in clockwise and counterclockwise 
directions. Move your hands, grasp the soft tissue in 
different positions, and repeat the technique. (See 
figure 18.19.) 


Compression of the Posterior Thigh 


In the same position as above, instead of applying 
elliptical movement, apply compression to the poste- 
rior thigh muscles. 


Myofascial Hamstrings and Posterior Thigh Muscles 


Face the clients thigh at the side of the table. Place 
your hands side by side on the posterior thigh mus- 
cles. Place your thumbs on the lateral side of the 


FIGURE 18.19  Elliptical movement of the posterior thigh muscles 


thigh, and draw the muscle over your thumbs with 
your fingers. Repeat superiorly to inferiorly. The same 
technique can be utilized from the opposite side of 
the table for the medial side of the posterior thigh. 
(See figure 18.20.) 


Broaden the Hamstrings and 
Posterior Thigh Muscles 


Place your hands next to each other on top of the 
clients thigh. Compress and spread the tissues lat- 
erally. Start superiorly and work toward the knee. 
Some therapists slightly lift the tissues before they 


FIGURE 18.20  Myofascial hamstrings and posterior thigh muscles 
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Broadening the hamstrings and posterior thigh 
muscles 


broaden them. Use a small amount of lubrication. 
(See figure 18.21.) 


Stripping with Collapsed Fingers and Flexed Knee 


Passively shorten the clients hamstrings by flexing 
the knee. Surround the flexed knee, and place your 
collapsed fingers next to each other on the posterior 
thigh muscles. Sink into the tissue, and glide toward 
the hip. (See figure 18.22.) 


Olympic Hamstring Tendon Stretch 


This technique, among others, was designed for ath- 
letes with massive thighs at the sports medicine clinic 
in the Olympic Village for the 1996 Olympic Games in 
Atlanta, Georgia. For the biceps femoris, flex the client's 
knee, and wrap your inside arm around the posterior 


Stripping with collapsed fingers and îlexed knee 


_— 
—— 


Olympic hamstring tendon stretch 


leg muscles. Hold the gastrocnemius with your inside 
hand. Place your outside hand on the biceps femoris 
tendon, starting at the insertion. As you stroke toward 
the hip, extend the knee on a slight inward rotation. For 
the semitendinosus and semimembranosus, reverse the 
process so that your outside hand is on the medial ten- 
dons and you move the knee in an external knee rotation 
as you stroke the tendons. This could easily be called 
palmar stripping of the hamstrings. (See figure 18.23.) 


Petrissage the Medial Hamstrings and Adductors 
with Flexed Knee 


Passively shorten the clients hamstrings by flexing 
the knee. Bring your inferior arm around the front of 
the leg, and join your superior hand to petrissage the 
medial hamstrings and adductors. (See figure 18.24.) 


Petrissage of ihe medial hamstrings and adductors 
with flexed knee 


398 parit4 Lower Extremities 


FIGURE 18.25  Vibrating the hamstrings 


Vibrate the Hamstrings 


Vibrate the tendons from each of the bellies of the 
muscles to the insertions. (See figure 18.25.) 


Palmar Circular Friction of the Hamstrings 


Using the soft palms of your hands, apply compres- 
sive circular strokes above the clients knee on the 
tendons. 


Deep Transverse Friction for Hamstring Attachments 


Apply deep transverse friction to the hamstring ori- 
gin at the ischial tuberosity. (See figure 18.26.) Locate 
and apply deep transverse friction to the insertions of 
the biceps femoris and medial hamstring tendons. 


FIGURE 18.26 Deep transverse friction at the ischial tuberosity 


FIGURE 18.27  Forearm stroking on the posterior high 


Intersperse with Compressive Effleurage 


Utilize effleurage between your other strokes and 
techniques for maximum benefit. 


Forearm Stroking 


Use forearm stroking on the clients posterior thigh. 
(See figure 18.27.) 


Trigger Points 


Locate and apply digital pressure or a pincer palpa- 
tion to trigger points. Follow with stretches to the 
muscle tissue. 


Tapotement 


Practice a variety of tapotement on the clients large 
posterior muscles. See figure 18.18 for loose-fist 
percussion. 


Stretches 


Place one hand on the ischial tuberosity and the other 
on the calcaneus. Lean over and stretch. Stretch the 
quadriceps by flexing the knee and bringing the cal- 
caneus to the gluteals. Some individuals are so lim- 
ber that you may have to lift the knee off the table to 
give an adequate stretch. Flex the knee, and lift it off 
the table with the ankle. Grasp the foot, and shake the 
ankle and leg muscles. 


Ending 


Finishing an area is as important as beginningit. Remem- 
ber to use some finishing strokes such as effleurage and 
to apply nerve strokes last. Leave the area with a slight 
pressure or stroke from one to another for fluidity. 
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Introduction 


w The thigh muscles provide the strength and support to 
guide the knees in movement. 


w Physical trauma causes problems for the knee joint. 


vw Massage therapy can provide a great deal of relief for 
soft-tissue aysfunction of the thigh muscles and knee joint. 


Structural Perspectives of the Knee Joint 

w The pelvic girdle supports the femur and supplies a 
base for the muscles of the thigh. 

w The thigh muscles must be in good shape to support 
the knee in movement and stability. 


w Structural problems might include genu valgum, genu 
varum, patellar tracking, contracted iliotibial tract, and 
hip alignment variances. 


The Muscles 

w The thigh muscles are the connecting links between the 
hip and the knee. 

w The muscles are located logically within a line of pull to 
the knee joint. 

w Balancing the thigh muscles requires a conservative 
team approach, including stretching, strengthening, 
training, and massage therapy. 


Injuries and Overuse Syndromes 

w The knee can fall victim to trauma, excessive weight, 
aging, and arthritis. 

vw Ligament injury is common to the knee joint. 


vw Meniscal tears are paintul and may lead to eventual 
knee replacement. 


v The fibular collateral ligament can have a trigger point 
develop from structural issues. 

vw Osgood-Schlatter disease is a dysfunction of the tibial 
tuberosity growih plate that causes pain and other knee 
issues. 


True or False 


Write true or false after each statement. 


1. Osgood-Schlatter affects old men only. 


2. The gluteus medius and the sartorius feed the 
iliotibial tract. 


Nerve Complaints 


vw Meralgia paresthetica is pain in the anterior thigh from 
entrapment of branches of the femoral nerve. 


v Sciatic nerve pain in the posterior thigh can come from 
compression in the lower back, entrapment from soft 
tissue in the pelvic girdle, or by entrapment from the 
biceps femoris and adductor magnus in the posterior 
thigh. 


Arthritis, Osteoarihritis, and Surgical Intervention 


v Arthritis and osteoarthritis can contribute to friction or 
meniscal wear in the knee joint. 


w A knee replacement is a prosthesis or substitute hinge 
joint fitted to the femur and tibia. 


vw Healthy knees need exercise, stretching, and massage 
to provide maintenance for regular function. 


Unwinding the Muscles of the Thigh and Knee Joint: Where 
to Start? 


vw” Massage therapy is a good choice for relieving hyperto- 
nicity in the thigh muscles. 


v Follow a dimensional approach, and critically think 
about the involved joints and muscles. 


vw” Always use treatment protocols to determine the se- 
quence of a therapeutic session. 


Dimensional Massage Therapy on the Muscles of the Thigh 
and Knee Joint 
v Start with the anterior thigh muscles first. 


w Approach techniques methodically, unwinding soft tis- 
sue superficially to deep. 


w Passively shorten muscles when possible. 
v Work the muscles in groups. 


3. Multiarticular muscles never have any problems, 
as they completely support all joints equally. 


4. Patellar tracking can be affected by gait. 
. The knee joint is the largest joint in the body. 


UI 


6. There are no two-joint muscles among the thigh 
muscles. 
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10. 


. The weight of the body rests on the tibial plateau. 
. The medial meniscus is the only part of the 


cartilage that can be injured by trauma. 


„ Compressive forces might injure ligaments 


inside the knee. 

Massage therapy for the muscles of the thigh 
and knee joint can be part of a sports training or 
event program. 


Short Answers 


Write your answers on the lines provided. 


ile 


What condition requires Ober's test? 


„ List three things that might contribute to knee 


replacement. 


. Which muscles are stronger, the quadriceps or 


the hamstrings? 


. Which muscles extend the knee? 


. What disease can develop inside the knee if the 


cartilage is worn? 


. Which muscles flex the knee? 


10. 


Why might the medial knee often be sore to the 
touch? 


„ Which muscles might make the iliotibial tract 


contract? 


.„ Name the hamstrings. 


„ What is the difference between genu valgum and 


genu varum? 


Multiple Choice 
Circle the correct answers. 
il 


A large bruise is called: 
a. a bump 

b. a hematoma 

c. an edema 

d. none of the above 


. Healthy knees just need: 


a. stretching, strengthening, and massage for 
the thigh muscles 


b. regular visits to the physician 
c. to be ignored 
d. all of the above 


. Meralgia paresthetica is pain: 


a. in the pelvic girdle 

b. in the posterior thigh 

c. presenting on the anterior thigh 
d. none of the above 
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„A knee replacement requires: 
a. a prosthesis fit into the femur and tibia 
b. an arthroscopy 
c. a lot of exercise first 
d. none of the above 
. Genu valgum is: 
a. never a problem 
b. often called knock-knees 
c. a bowleg 
d. none of the above 
. The anterior cruciate ligament is on: 
a. the lateral side of the knee 
b. the inside of the knee 
c. the medial side of the knee 
d. none of the above 


„ When the patella tracks correctly, it: 


a. moves side to side 


b. rides over the knee in a superior and inferior 
direction during flexion and extension 


„ Locate bony landmarks of the knee joint on a 
partner. 


. Locate on a partner the origins and insertions 
of the muscles discussed in Chapters 15 and 17 
associated with the knee joint. 


. Demonstrate how to passively shorten the flexors 
and extensors of the knee joint. 


„ Demonstrate passive range of motion of the knee 
joint with a partner. 


. Demonstrate active range of motion of the knee 
joint with a partner. 


10. 


8. 
9) 


10. 
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c. does not move at all 
d. none of the above 


. Prepatellar bursitis is located: 


a. in back of the knee 

b. anterior to the patella 

c. on the lateral side of the knee 
d. none of the above 


. The sciatic nerve passes between: 


a. biceps femoris and adductor magnus 
b. semitendinosus and biceps femoris 

c. rectus femoris and biceps femoris 

d. none of the above 

The quadriceps all insert into portions of: 
a. the femur 

b. the patellar tendon 

c. the fibula 

d. none of the above 


. List which muscles are agonists and synergists 


for flexion of the knee joint. 


. List which muscles are agonists and synergists 


for extension of the knee joint. 
Which muscles insert on the pes anserinus? 


Practice dimensional techniques individually 
and in a sequence on a willing individual. 


Describe the effect the hamstrings might have on 
the pelvic girdle. 


The Ankle and Foot Joints 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 
19-1 Define key terms. 


19-2 Identify on a human skeleton the most 
important bony features, ligamenis, and 
arches of the ankle and foot. 


19-3 Draw and label on a skeletal chart the 
muscles, including the origins and insertions, 


of the ankle and foot. 


19-4 Demonstrate the active and passive movements 
of the ankle and foot with a partner. 


19-5 Explore on a partner the superficial joint 


structures and muscles, including origins and 
insertions, of the ankle and foot. 


19-6 List and organize the muscles that produce 


movement of the ankle and foot and list their 
antagonists. 


19-7 Practice flexibility and strengihening exercises 


for each muscle group. 


Achilles tendon Flexor hallucis longus 


Anterior compartment Gastrocnemius 
KEY Calcaneus Heel-strike 
TERMS Cuboid 

Lateral compartment 

Cua)ia Ms Lateral longitudinal 

Extensor digitorum arch 

longus 

J | Maleoli 
Extensor hallucis 
longus Media! longitudinal 
Be rch 
Flexor digitorum ae 
longus Metatarsals 


Introduction 


The foot is one of the most abused structures 
in the human body because many individuals 
tend to sacrifice comfort for fashion by wearing 
high heels, pointed-toe shoes, and other types of 
footwear that do not properly support the feet. 
The continued use of improper shoes frequenily 
leads to shoriened muscles, poor foot mechan- 
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Metatarsophalangeal Pronation Tibialis anterior 

(MP) joints era Tibialis posterior 

e ăi Sion Lu di joint 
Subtalar and oi ast) 


Peroneus brevis 


transverse tarsal joints  Toe flexion 
Peroneus orală Supination Toe-off 
it tertius Swing Transverse arch 
alanges 

9 Talocrural joint Trendelenburg test 
Plantaris Triceps surae 

: Talus 
Posterior 
compartment Tarsals 


ics, and deformed foot structure; it also interferes 
with the body's ability to balance and walk safely, 
resulting in gait abnormalities. Poor foot mechan- 
ics early in life inevitably lead to foot discomfort 
in later years, and it is not unusual for individuals 
to complain of knee, hip, back, and neck pain that 
stems from the use of improper shoes. At the end 
of the distal lower-extremity kinetic chain, the 
feet are often dismissed until it has been clearly 


established that they are the source of pain. For- 
tunately, today's wide selection of footwear made 
specifically for running, walking, cross-training, 
hiking, and other activities has helped support 
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proper foot mechanics; however, massage ther- 
apy, strength training, and appropriate stretching 
should also be part of a conservative approach in 
supporting healthy feet. 


pei AL Walking Gait Cycle 

Walking and running consist of stance and swing phases (figure 
19.1). The stance phase contains îhree components: heel- 
strike, midstance, and toe-off. Midstance is further separated 
into loading response and terminal stance. A normal heel-strike 
is characterized by the foot landing on îhe heel, with the foot in 
Supination and the leg in external rotation; îhis is followed im- 
mediately by pronation and internal rotation of the foot and leg, 
respectively, during midstance. The foot returns to supination 
and the leg returns to external rotation immediately before and 
during toe-off, the movement in the gait cycle when the toe (pri- 
marily the first metatarsal) pushes off the ground to advance 
that particular foot forward. The swing phase occurs when the 
foot leaves the ground and the leg moves forward to another 
point of contact. The swing phase consists of initial swing, mid- 
swing, and terminal swing. Problems often arise when the foot 
is too rigid and does not pronate adequately or when the foot 
remains in pronation past midstance. When the foot remains 
too rigid and does not pronate adequately, impact forces are not 
absorbed through the gait; this results in shock being transmit- 
ted up the kinetic chain. If the foot overpronates, or remains in 
pronation too much past midstance, propulsive forces are di- 
minished and additional stresses are placed on the kinetic chain. 
In walking, one foot is always in contact with the ground, and 
there is a point at which both feet are in contact with the ground. 
In running, both feet are never in contact with the ground at îhe 
same time, and there is a point when neither foot is in contact 
with the ground. 


GAIT ASSESSMENT FOR MUSCLE 
WEAKNESS 


Gait assessment is complicated, and there are many 
different tests available that help evaluate gait issues. 
Briefly, itis helpful to understand basic muscle weakness 
and how it affects gait. Weakness of the abductor area 
of the hip is a common area of muscle weakness and 
one that causes dysfunction in the gait cycle in addition 
to low-back pain. The gluteus medius muscle is often 
weak, as discussed in Chapter 21. During gait, this 
muscle acts to support the hip and moves the crest of 
the iliac spine toward the greater trochanter; it should 
provide pain-free movement as one walks. When it is 
weak, however, an individual will exhibit a lurch as he 
atiempts to counteract the imbalance caused by the 


weakness. This lurch, or hiking, can be minimal or 
extreme, depending on the severity of muscle dysfunc- 
tion. If left untreated, continued activity and normal 
walking can cause low-back pain, as well as possible 
bursitis and tendonitis. While a skilled kinesiologist can 
assess for gluteus medius weakness by observing gait, 
the Trendelenburg test is an easy and effective way to 
assess gluteus medius weakness. The therapist stands 
behind the patient and asks her to stand on one leg. If 
the muscle is strong, the gluteus medius muscle on the 
involved side should contract when the other leg leaves 
the ground. This elevates the pelvis on the unsupported 
side, giving support and causing a straight line across 
both sides of the pelvis. A positive test occurs when the 
pelvis on the unsupported side drops or remains in a 
skewed position. Assessing this muscle for weakness is 
one of the most powerful tools for addressing gait and 
low-back issues. See Chapter 21 for techniques that 
stretch and strengthen the gluteus medius. 

The complex structure of the foot contains 26 bones, 
not including the tibia and fibula; 19 large muscles; 
many small (intrinsic) muscles; and more than 100 liga- 
ments that connect the bones. This chapter reviews the 
bones, joints, muscles, movements, and nerves of the 
leg, ankle, and foot. Clinical Notes boxes throughout ad- 
dress common leg and foot ailments. Each prime mover 
is discussed in detail to illustrate the roles the muscles 
play in working together and in paired opposition. 
For ease of comprehension, the posterior leg muscles 
are presented first, superficial to deep, followed by the 
lateral leg and anterior leg muscles. The intrinsic foot 
muscles are briefly discussed at the end of the chapter. 


Bones 


Each foot has 26 bones, which collectively form the 
shape of an arch. They connect with the thigh and the 
remainder of the body through the fibula and tibia 
(figure 19.2). Body weight is transferred from the 
tibia to the talus and the calcaneus. 

In addition to the talus and calcaneus, there are five 
other bones in the rear foot and midfoot known as the 
tarsals. Between the talus and the three cuneiform 
bones lies the navicular. The cuboid is located be- 
tween the calcaneus and the 4th and 5th metatarsals. 
Distal to the tarsals are the five metatarsals, which 
in tum correspond to each of the five toes. The toes 
are known as the phalanges. (See figure 19.3.) There 
are three individual bones in each phalange, except 
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1. Initial contact 


4. Terminal stance 


2. Load response 


3. Midstance 


5. Preswing 


(a) Stance phase of gait 


1. Initial swing 


2. Midswing 


3. Terminal swing 


(b) Swing phase of gait 


FIGURE 19.1 Gai 


for the great toe, or hallux, which has only two. Each 
of these bones is known as a phalanx. Finally, there 
are two sesamoid bones located beneath the 1st meta- 
tarsophalangeal joint and contained within the flexor 
hallucis longus tendons. 

The distal ends ofthe tibia and fibula are enlarged and 
protrude horizontally and inferiorly. These bony protru- 
sions, known as malleoli, serve as a pulley of sorts for 
the tendons of the muscles that run directly posterior 
to them. Specifically, the peroneus brevis and peroneus 
longus are immediately behind the lateral malleolus. 
The muscles immediately posterior to the medial malle- 
olus may be remembered by the phrase “Tom, Dick, and 


Harry,” with the “T” for the tibialis posterior, the “D” for 
the flexor digitorum longus, and the “H” for the flexor 
hallucis longus. This bony arrangemeni increases the 
mechanical advantage of these muscles in performing 
their actions of inversion and eversion. The base of the 
5th metatarsal is enlarged and prominent to serve as an 
attachment point for the peroneus brevis and tertius. 
The inner surface of the medial cuneiform and the 
base of the 1st metatarsal provide insertion points for 
the tibialis anterior, while the undersurface of the same 
bones serves as the insertion for the peroneus longus. 
The tibialis posterior has multiple insertions on the 
lower inner surfaces of the navicular, cuneiform, and 


Intercondylar eminence 
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Proximal tibiofibular 
joint 


Lateral surface 
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membrane 


Anterior crest 


Tibia 
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Head of fibula 


Distal tibiofibular joint 


Lateral malleolus 


(a) Anterior view 


FIGURE 19.2  Tibia and fibula 
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(a) Superior (dorsal) view 
FIGURE 19.3 Bones ofthe feet 


2nd through 5th metatarsal bases. The tops and un- 
dersurfaces of the bases of the 2nd through 5th distal 
phalanxes are the insertion points for the extensor digi- 
torum longus and the flexor digitorum longus, respec- 
tively. Similarly, the top and undersurface of the base of 
the 1st distal phalanx provide insertions for the extensor 
hallucis longus and flexor hallucis longus, respectively. 
The posterior surface of the calcaneus is very 
prominent and serves as the attachment point for 


malleolus 
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(b) Posterior view 
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(b) Inferior (plantar) view 


the Achilles tendon of the gastrocnemius-soleus 
complex. 


Joints 


The tibia and fibula form the tibiofibular joint, a syn- 
desmotic amphiarihrodial joint (figure 19.4). The bones 
are joined at both the proximal and distal tibiofibular 
joints. In addition to the ligaments supporting both of 
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(b) Medial view 
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(c) Posterior view 


FIGURE 19.4 Right ankle joint views 


these joints, there is a strong, dense interosseous mem- 
brane between the shafts of these two bones. Although 
only minimal movement is possible between these 
bones, the distal joint becomes sprained occasionally 
during heavy contact sports such as football. A sprain of 
the syndesmosis joint is commonly referred to as a high 
ankle sprain and primarily involves the anterior inferior 
tibiofibular ligament. With more severe injuries, the pos- 


terior tibiofibular ligament, interosseous ligament, and 
interosseous membrane may be secondarily involved. 

The ankle joint, technically known as the talocrural 
joint, is a hinge or ginglymus-type joint (figure 19.4). 
Specifically, it is the joint made up of the talus, the dis- 
tal tibia, and the distal fibula. The ankle joint allows 
approximately 50 degrees of plantar flexion and 15 to 
20 degrees of dorsiflexion (figure 19.5). A greater range 
of dorsiflexion, particularly in weight bearing, is pos- 
sible when the knee is flexed, as this reduces the tension 
of the biarticular gastrocnemius muscle. The fibula ro- 
tates on its axis 3 to 5 degrees externally with dorsiflex- 
ion of the ankle and 3 to 5 degrees internally during 
plantar flexion. The syndesmosis joint widens by ap- 
proximately 1 to 2 millimeters during full dorsiflexion. 

Inversion and eversion, although commonly thought 
to be ankle joint movements, technically occur in the 
subtalar and transverse tarsal joints. These joints, 
classified as gliding or arthrodial, combine to allow 
approximately 20 to 30 degrees of inversion and 5 to 
15 degrees of eversion. There is minimal movement 
within the remainder of the intertarsal and tarsometa- 
tarsal arthrodial joints. 

The phalanges join the metatarsals to form the meta- 
tarsophalangeal (MP) joints, which are classified as 
condyloid-type joints. The metatarsophalangeal joint of 
the great toe flexes 45 degrees and extends 70 degrees, 
whereas the interphalangeal (IP) joint can flex from 
0 degrees of full extension to 90 degrees of flexion. The 
MP joints of the four lesser toes allow approximately 
40 degrees of flexion and 40 degrees of extension. The 
MP joints also abduct and adduct minimally. The proxi- 
mal interphalangeal (PIP) joints in the lesser toes flex 
from 0 degrees of extension to 35 degrees of flexion. The 
distal interphalangeal (DIP) joints flex 60 degrees and 
extend 30 degrees. There is much variation from joint to 
joint and from person to person in all of these joints. 


CLINICAL 
NOTES 


Ankle joint 


(a) 


Inversion 


(b) 


Extension 


Flexion 


Flexion 


Distal 
interphalangeal joint 


Proximal 
interphalangeal joint 


(d) 
FIGURE 19.5 Active motion of the ankle, foot, and toes 


Ligaments in the foot and the ankle maintain the 
position of an arch, which is also supported by the 
plantar fascia. All 26 bones in the foot are connected 
with ligaments. This brief discussion is focused on 
the longitudinal and transverse arches. 


Medial 
longitudinal arch 


Transverse 
arch 


Lateral 
longitudinal 
arch 


(a) Inferior (plantar) view 


FIGURE 19.6  Arches ofthe foot 


Eversion 
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Neutral 


Neutral 
e 


0” Extension 


Flexion 


Metatarsophalangeal Interphalangeal 
joint joint 
(c) 


Qe 
Abduction a— |—= Abduction 
Adduction—” |—— Adduction 


Extension 
40 


Metatarsophalangeal 
joint 


Toe spread 


There are two longitudinal arches (figure 19.6). The 
medial longitudinal arch is located on the medial 
side of the foot and extends from the calcaneus bone 
to the talus, the navicular, the three cuneiforms, and 
the distal ends of the three medial metatarsals. The 


Fibula Tibia  Talus 


Calcaneus ; 
Proximal 
Metatarsal | phalanx | 


Cuboid 


Navicular 


Cuneiform 


(b) X-ray of right foot, lateral view 
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lateral longitudinal arch is located on the lateral 
side of the foot and extends from the calcaneus to the 
cuboid and distal ends of the 4th and 5th metatarsals. 
Individual long arches can be high, medium, or low, 
but a low arch is not necessarily a weak arch. 

The transverse arch (figure 19.6) extends across 
the foot from one metatarsal bone to the other. 


Eversion 
Turning the ankle and foot outward; abduction, away from the 
midline. Weight is on the medial edge of the foot. 


Movements 


00) FLEXIBILITY & STRENGTH 


Movements of the Foot and Ankle 


Dorsiflexion (flexion) 
Dorsal flexion; movement of the top of the ankle and foot 
toward the anterior tibia bone. 


Eversion 


Inversion 
Turning the ankle and foot inward; adduction, toward the mid- 
line. Weight is on the lateral edge of the foot. 


Dorsiflexion 


Plantar flexion (extension) 


Movement of the ankle and foot away from the tibia. LA 


Inversion 


Toe flexion 
Movement of the toes toward the plantar surface of the foot. 


e 


Toe flexion A 


Plantar flexion 


Toe extension 
Movement of the toes away from the plantar surface of the foot. 


Toe extension 


Pronation 
A combination of ankle dorsiflexion, subtalar eversion, and 
forefoot abduction (ioe-out). 


ț 


EN 


Pronation 


Supination 
A combination of ankle plantar flexion, subialar inversion, and 
forefoot adduction (toe-in). 


Supination 


Ankle and Foot Muscles 


The large number of muscles in the ankle and foot 
(figure 19.7) are easier to learn when grouped accord- 
ing to location and function. In general, the muscles 
located on the anterior aspect of the ankle and foot 
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are the dorsal flexors. Those on the posterior aspect 
are plantar flexors. Specifically, the gastrocnemius 
and the soleus collectively are known as the triceps 
surae, due to their three heads, which join together 
to the Achilles tendon. Muscles that are evertors are 
located more to the lateral side, whereas the invertors 
are located medially. 

The lower leg is divided into four compartments, 
each containing specific muscles. Tightly surround- 
ing and binding each compartment is a dense fas- 
cia, which facilitates venous return and prevenits 
excessive swelling of the muscles during exercise. 
The anterior compartment contains the dorsiflexor 
group, consisting of the tibialis anterior, peroneus 
tertius, extensor digitorum longus, and extensor 
hallucis longus. The lateral compartment con- 
tains the peroneus longus and peroneus brevis— 
the two most powerful evertors. Since peroneus is 
Greek for “fibula,” anatomists have recenily inter- 
changed the terms peroneus and fibularis; hence 
the peroneus muscles also may be called fibularis 
longus, fibularis brevis, and fibularis tertius. 'The 
posterior compartiment is divided into deep and 
superficial compartments. The gastrocnemius, so- 
leus, and plantaris are located in the superficial 
posterior compartment, while the deep posterior 
compartment is composed of the flexor digitorum 
longus, flexor hallucis longus, popliteus, and tibi- 
alis posterior. The muscles of the superficial poste- 
rior compartment are primarily plantar flexors. The 
plantaris, absent in some humans, is a vestigial bi- 
articular muscle that contributes minimally to ankle 
plantar flexion. The deep posterior compartiment 
muscles, except for the popliteus, are plantar flexors, 
but they also function as invertors. (See figures 19.8, 
19.9, and 19.10.) 

Note: A number of the ankle and foot muscles are 
capable of helping produce more than one movemeni. 


Muscles that move the 
ankle and foot—by function 


Plantar flexors 
Gastrocnemius 


Flexor digitorum longus 
Flexor hallucis longus 
Peroneus (fibularis) longus 
Peroneus (fibularis) brevis 
Plantaris 
Soleus 
Tibialis posterior 
(Continued) 
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ligament 


Tibia 


Peroneus Gastrocnemius 
(fibularis) 


longus 


Peroneus 
(fibularis) brevis 


Extensor 
digitorum longus 


Extensor retinacula 


Tibialis 
anterior 


Extensor 
hallucis 


FIGURE 19.7  Muscles of the leg anterior compartment 


Extensor 
digitorum 


Evertors 
Peroneus (fibularis) longus 


Peroneus (fibularis) brevis 
Peroneus (fibularis) tertius 
Extensor digitorum longus 


Dorsiflexors 
Tibialis anterior 


Peroneus (fibularis) tertius 
Extensor digitorum longus (extensor of the lesser toes) 
Extensor hallucis longus (extensor of the great toe) 


Invertors 
Tibialis anterior 


Tibialis posterior 
Flexor digitorum longus (flexor of the lesser toes) 
Flexor hallucis longus (flexor of ihe great toe) 


longus longus 
Fibularis 
tertius 
Extensor 
hallucis brevis 
Extensor 
digitorum 
brevis 
(b) (c) (d) 
Heads of 


gastrocnemius 
(cut) 


Fibularis 
longus 


Gastrocnemius: 
Medial head 


Lateral head Soleus 


Tendon ofA 
plantaris 


Gastrocnemius 
(cut) 


Peroneus 
(fibularis) 
brevis 
Flexor 
hallucis 
longus 


Tendon of 
gastrocnemius 


(fibularis) 
longus 
Flexor 
digitorum 
longus 


Calcaneal 


tendon Calcaneus 


(a) tb) 


FIGURE 19.8  Superficial muscles of the leg posterior compartment 


Plantaris (cut) 


Popliteus 


Soleus (cut) 


posterior 


Flexor digitorum 


longus 
longus 


Flexor hallucis 
longus 


brevis 


Calcaneal tendon 
(cut) 


Calcaneus 


(a) 


Gastrocnemius (cut) 


Peroneus (fibularis) 


Peroneus (fibularis) 
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Tibialis Flexor 
posterior digitorum 


longus 


Popliteus 


Flexor 
hallucis 
longus 


Plantar surface 
of the foot 


(d) 


FIGURE 19.9 Deep muscles ofthe leg posterior and lateral compartments 


Muscles that move the 
ankle and foot—location 
by compartment 


Anterior compartment 
Tibialis anterior 
Extensor hallucis longus 
Extensor digitorum longus 
Peroneus (fibularis) tertius 

Lateral compartment 
Peroneus (fibularis) longus 
Peroneus (fibularis) brevis 


Deep posterior compartment 
Flexor digitorum longus 


Flexor hallucis longus 
Tibialis posterior 


Superficial posterior compartiment 
Gastrocnemius (medial head) 


Gastrocnemius (lateral head) 
Soleus 
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Anterior (extensor) ! 
compartment Gastrocnemius 
(lateral head) 


Lateral (fibular) compartment 
] Posterior (flexor) 
compartment, superficial Fibula 


Posterior (flexor) 
compartment, deep 


Peroneus (fibularis) brevis 


Extensor hallucis longus 


Extensor digitorum longus 


FIGURE 19.10 Cross section through the lower limb 


While viewing the muscles in figures 19.8, 19.9, 
and 19.10, correlate them with table 19.1. 


Nerves 


As described in Chapter 15, the sciatic nerve originates 
from the sacral plexus and branches into the ribial 
nerve and the peroneal nerve. The tibial division of the 


Peroneus (fibularis) longus 


Gastrocnemius 
(medial head) 


Soleus 


Flexor hallucis longus 
Flexor digitorum longus 
Tibialis posterior 


Tibia 


Tibialis anterior 


sciatic nerve (figure 19.11) continues down to the pos- 
terior aspect of the lower leg to innervate the gastroc- 
nemius (medial head), soleus, tibialis posterior, flexor 
digitorum longus, and flexor hallucis longus. Just be- 
fore reaching the ankle, the tibial nerve branches to 
become the medial and lateral plantar nerves, which 
innervate the intrinsic muscles of the foot. The medial 
plantar nerve innervates the abductor hallucis, flexor 


TABLE 19.1  Muscles ofthe Ankle and Foot Joints 
Name of Muscle Origins Insertion Actions Innervations 
Gastrocnemius Medial and lateral Posterior surface of Plantar flexion Tibial nerve 
posterior condyles calcaneus via of ankle, flexion (S1, S2) 
of femur Achilles tendon of knee 
Soleus Soleal line of tibia, Posterior surface Plantar flexion Tibial nerve 
posterior head and of calcaneus via of ankle ($1,.52) 
upper shaft of fibula Achilles tendon 
Tibialis posterior Posterior tibia, fibula, Plantar surface of Inversion and Tibial nerve 
and interosseous navicular and cunei- plantar flexion ([:5;.$1)) 
membrane form bones and base of 
2nd, 3rd, 4th, and 5th 
metatarsal bones 
Flexor digitorum Middle third of Base of distal phalanx Plantar flexion of Tibial nerve 
longus posterior tibia of each of four outer ankle, flexion of four (55511) 
toes lateral toes at DIP joints, 
inversion of foot 
Flexor hallucis Middle two-thirds of Plantar surface of Plantar flexion of ankle Tibial nerve 
longus posterior surface of base of distal phalanx of and inversion of foot, ([55:511=52) 
fibula great toe plantar flexion of big toe 
Peroneus longus Head and lateral shaft Base of 1st metatarsal Eversion of foot, Superficial 
of upper two-thirds and 1st medial cuneiform assists plantar flexion peroneal nerve 
of fibula plantar surface (L4-L5, S1) 
Peroneus brevis Lateral shaft of Tuberosity of lateral Eversion of foot, Superficial 


lower two-thirds 
of fibula 


aspect of 5th 
metatarsal 


assists in plantar 
îlexion of ankle 


peroneal nerve 
(L4-L5, S1) 


TABLE 19.1  (Continued) 
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Name of Muscle 


Origins 


Insertion 


Actions 


Innervations 


Peroneus tertius 


Tibialis anterior 


Extensor digitorum 
longus 


Extensor hallucis 
longus 


With extensor digitorum 


longus, anterior distal 
third of fibula 

Upper two-thirds 

of lateral surface 

of tibia 

Lateral condyle of 
tibia, head of fibula— 
proximal two-thirds of 
anterior shaft of fibula 
Middle two-thirds of 
medial surface 

of anterior fibula, 


Base of 5th metatarsal 


Base of 1st metatarsal 
and inner surface of 
medial cuneiform 
Middle and distal 
phalanges of four 
lateral toes 


Base of distal phalanx 
of great toe 


Eversion of foot, 


Deep peroneal 


assists dorsiflexion nerve 

(L4-L5, S1) 
Dorsiflexion and Deep peroneal 
inversion of foot nerve 

(L4-L5, S1) 
Dorsiflexion of ankle, Deep peroneal 
eversion of foot, nerve 
extension of two to (L4-L5, S1) 


five outer toes 
Dorsiflexion of ankle, 
toe extension and 
inversion 


Deep peroneal 
nerve 
(L4-L5, S1) 


interosseous membrane 


[] Roots 


[_] Anterior divisions 


[|] Posterior divisions 


lliohypogastric 
nerve 


Anterior view 


llioinguinal nerve 


From lumbar plexus |] 


R From sacral plexus 
Genitofemoral nerve p [| 


Obturator nerve 


Lateral femoral cutaneous nerve 


Femoral nerve 


Obturator nerve 
Lumbosacral trunk 


FIGURE 19.11  Lumbar plexus and nerves of the leg and foot 


Hip bone 


Sacrum 


Femoral nerve 


Pudendal nerve 


Sciatic nerve 
Femur 


Tibial nerve 


Common fibular nerve 


Superficial fibular nerve 


Deep fibular nerve 


Fibula 
Tibia 
Tibial nerve 


Medial plantar nerve 
Lateral plantar nerve 


Posterior view “ 
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hallucis brevis, first lumbricale, and flexor digitorum 
brevis. The lateral plantar nerve supplies the adduc- 
tor hallucis, quadratus plantae, lumbricales (2, 3 and 
4), dorsal interossei, plantar interossei, abductor dig- 
iti minimi, and flexor digiti minimi. 

The peroneal, or fibular, nerve (figure 19.11) divides 
just below the head of the fibula to become the su- 
perlicial and deep peroneal nerves. The superficial 
branch innervates the peroneus longus and peroneus 
brevis, while the deep branch innervates the tibialis 
anterior, extensor digitorum longus, extensor hallu- 
cis longus, peroneus tertius, and extensor digitorum 
brevis. 


Individual Muscles of the Leg, 
Ankle, and Foot—Posterior 
Compartment 


GASTROCNEMIUS MUSCLE 


Palpation 


The gastrocnemius is the easiest muscle in the 
lower extremity to palpate. Palpate the gastrocne- 
mius on the upper half of the posterior aspect of 
the lower leg. 


CLINICAL 
NOTES 


Muscle Specifics 


The gastrocnemius and soleus together are known 
as the triceps surae, with triceps referring to the heads 
of the medial and lateral gastrocnemius and the so- 
leus and surae referring to the calf. Because the gas- 
trocnemius is a biarticular muscle, it is more effective 
as a knee flexor if the ankle is dorsiflexed and more 
effective as a plantar flexor of the ankle if the knee is 
held in extension. This is observed when one sits too 
close to the wheel when driving a car; this position 


significantly shortens the entire muscle, reducing its 
effectiveness. When the knees are beni, the muscle 
becomes an ineffective plantar flexor, and ii is more 
difficult to depress the brakes. Running, jumping, 
hopping, and skipping all depend significantly on the 
gastrocnemius and soleus to propel the body upward 
and forward. 

Additionally, painful cramps caused by acute 
muscle spasms in the gastrocnemius and soleus are 
common, and they may be relieved through active 
stretching or deep pressure to the muscle fibers. Also, 
the complete rupture of the strong Achilles tendon, 
which connects these two plantar flexors to the calca- 
neus, can occur when these muscle tissues are short- 
ened or in spasm. 


Clinical Flexibility 


Many people have a shortened gastrocnemius mus- 
cle. A limited gastrocnemius affects gait because 
push-off after the foot strikes the ground is limited; 
the body compensates by distributing vector forces to 
the knees, hips, and lower back. This muscle should 
be stretched on a daily basis, especially in those who 
frequently wear high heels or tight-fitting shoes. It 
is best to lengthen this muscle without placing any 
weight on ii. Sit on a therapy table with the involved 
hip flexed in front of you and with the other leg on 
the floor. The involved leg remains extended. In this 
position no weight is placed on the involved leg, so 
there is no contraction in the muscle. Wrap a rope 
around the foot, just below the ball of the foot. With 
the knee extended, lean the torso forward into flex- 
ion and begin to dorsiflex the foot. Stretch at the end 
movement, and repeat. Make certain you plantar 
flex the foot completely after each stretch, and then 
move into dorsiflexion again. This full movement es- 
tablishes blood flow. Conrraindications: Make sure 
that the opposite leg either is off the table or, if on 
the floor, is flexed, so that no strain is placed on the 
low back. 


Strengthening 


A weak gastrocnemius will not support gait very well 
and may lead to tears of the muscle. Although an 
uncommon approach in fitness programs, the oppo- 
site muscle, anterior tibialis, should be strengthened 
along with this muscle (see below). Heel-raising 
exercises with the knees in full extension and toes 
resting on a block of wood or stairs are an excel- 
lent way to strengthen the gastrocnemius through 
the full range of motion. By holding dumbbells at 
one's sides, the resistance may be increased. Con- 
traindications: Strengthening is safe with controlled 
movement. 
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OIAI MUSCLE CHART  GASTROCNEMIUS (gas-trok-ne 'mi-us) Greek for “belly” 


Medial head 


Lateral head 


i) Knee flexion 


Gastrocnemius m. 


Name of Muscle Origins Insertion 


Medial and lateral 
posterior condyles of 
femur 


Gastrocnemius 


tendon 


SOLEUS MUSCLE 


Palpation 


Palpate the soleus posteriorly under the gastroc- 
nemius muscle on the medial and lateral sides of 
the lower leg, particularly with the client in the 
prone position with the knee flexed approximately 
90 degrees and during active plantar flexing of the 
ankle. 


CLINICAL 
NOTES 


Posterior surface of 
calcaneus via Achilles 


Actions 


Innervations | 


Plantar flexion of ankle, 
flexion of knee 


Tibial nerve (S1, S2) 


Muscle Specifics 


The soleus muscle is one of the most important plan- 
tar flexors of the ankle, especially when the knee is 
flexed. When a person rises on the toes, the soleus 
muscle can plainly be seen on the outside of the lower 
leg, especially if this muscle is developed through 
exercise. 

The soleus muscle is used whenever the ankle plan- 
tar flexes. Any movement with body weight on the 
foot and with the knee flexed or extended calls it into 
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OIAI MUSCLE CHART  SOLEUS (so le-us) Latin for “flat fish” 


Name of Muscle Origins 


Soleal line of tibia, 
posterior head and 
upper shaft of fibula 


Soleus 


tendon 


action. When the knee is flexed slightly, the effect of 
the gastrocnemius is reduced, thereby placing more 
work on the soleus. Running, jumping, hoppinsg, 
skipping, and dancing on the toes are exercises that 
depend heavily on the soleus. 


Clinical Flexibility 


The soleus is stretched in the same manner as is the 
gastrocnemius, except that the knees must be flexed 
slightly. This releases the stretch on the gastrocnemius 
and places it more on the soleus. Flex the involved leg 
on the table, bringing the heel near the pelvis. Place 
your hands underneath the foot and dorsiflex up. 
The hands help stretch at the end movement. Repeat. 
Contraindications: This stretch is safe with controlled 
movement. 


Insertion 


Posterior surface of 
calcaneus via Achilles 


Soleus m. 


Plantar 
flexion 


Actions Innervations 


Plantar flexion of ankle Tibial nerve (S1, S2) 


Strengthening 


The soleus is strengthened the same way as gas- 
trocnemius is, and it can be better isolated if the 
knee is flexed slightly to deemphasize the gastroc- 
nemius. 


TIBIALIS POSTERIOR MUSCLE 


Palpation 


The tendon for the tibialis posterior may be palpated 
both proximally and distally immediately behind the 
medial malleolus with inversion and plantar flexion; 
it is better distinguished from the flexor digitorum 
longus and flexor hallucis longus if the toes can be 
maintained in slighi extension. 
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OIAI MUSCLE CHART  TIBIALIS POSTERIOR (tib-i-a lis pos-te'ri-or) 


Foot inversion 


Plantar flexion 


Name of Muscle Origins 


Tibialis posterior Posterior tibia, fibula, 
and interosseous 
membrane 


CLINICAL 
NOTES 


Insertion 


Actions Innervations 


Plantar surface of Inversion and plantar Tibial nerve (L5, S1) 
navicular and cuneiform  flexion 

bones and base of 

2nd, 3rd, 4th, and 5th 

metatarsal bones 


Muscle Specifics 


Passing down the back of the leg, under the medial 
malleolus, and then forward to the navicular and 
medial cuneiform bones, the tibialis posterior muscle 
pulls down from the underside and, when contracted 
concentrically, inverts and plantar flexes the foot. As 
a result, it is in position to support the medial longi- 
tudinal arch. Use of the tibialis posterior muscle in 
plantar flexion and inversion gives support to the lon- 
gitudinal arch of the foot. 


Clinical Flexibility 


The tibialis posterior may be stretched by moving the 
foot into extreme eversion during the gastrocnemius 
stretch described earlier. 
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Strengthening 


The tibialis posterior muscle is generally strengihened 
by performing heel raises, as described for the gas- 
trocnemius and soleus, as well as inversion exercises 
against resistance. 


FLEXOR DIGITORUM LONGUS MUSCLE 


Palpation 


The tendon of the flexor digitorum longus may be pal- 
pated immediately posterior to the medial malleolus and 
tibialis posterior and immediately anterior to the flexor 
hallucis longus, with flexion of the lesser toes while 
maintaining great-toe extension, ankle dorsiflexion, and 
foot eversion. 


CLINICAL 
NOTES 


OIAI MUSCLE CHART  FLEXOR DIGITORUM LONGUS (fleks"or dij-i-to'rum long 'gus) “Dick” 


Foot inversion 


Plantar flexion 


Name of Muscle Origins Insertion 


Actions Innervations | 
Înca eeeeeeecl  ceeeeeeeeeerceei eeeeeeeeeeeeecd 


Flexor digitorum longus Middle third of posterior Base of distal phalanx of  Plantarflexion ofankle,  Tibial nerve (L5, S1) 
tibia each of four outer toes flexion of four lateral 


toes at DIP joints; 
inversion of foot 


Muscle Specifics 


Passing down the back of the lower leg under the medial 
malleolus and then forward, the flexor digitorum lon- 
gus muscle draws the four lesser toes down into flexion 
toward the heel as it plantar flexes the ankle. It is very 
important in helping other foot muscles maintain the 
longitudinal arch. Walking, running, and jumping do not 
necessarily call the flexor digitorum longus muscle into 
action. Some weak foot and ankle conditions result from 
ineffective use of the flexor digitorum longus. Walking 
barefoot with the toes curled downward toward the heels 
and with the foot inverted will exercise this muscle. 


Clinical Flexibility 


The main belly of the flexor digitorum longus may be 
stretched by using the gastrocnemius stretch. To isolate 
its tendons on the four toes, actively take the four lesser 
toes into extreme extension while the foot is everted and 
dorsiflexed. You can assist with the hands and stretch 
each flexor tendon individually. This stretch is active 
because the extensors of the four toes are contracted 
to pull them up. Stretching the metatarsal tendons is 
helpful for foot dysfunctions such as plantar fasciitis. 


Strengthening 


Strengthen the flexor digitorum longus by perform- 
ing towel grabs against resistance wherein the heel 
rests on the floor while the toes extend to grab a flat 
towel and then flex to pull the towel under the foot. 
This may be repeated numerous times, with a small 
weight placed on the opposite end of the towel for 
added resistance. This exercise is of great help for 
plantar fascia issues and pes planus. Contraindica- 
tions: This exercise is safe with controlled movement. 
Cramping might occur in weak feet. 


FLEXOR HALLUCIS LONGUS MUSCLE 


Palpation 


Palpate the flexor hallucis longus immediately behind 
the medial malleolus, between the medial soleus and 
the tibia, with active great-toe flexion while maintain- 
ing extension of the four lesser toes, ankle dorsiflex- 
ion, and foot eversion. Of the three tendons—flexor 
hallucis longus, tibialis posterior, and flexor digitorum 
longus—flexor hallucis longus is the most posterior. 


CLINICAL 
NOTES 
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Muscle Specifics 


Pulling from the underside of the great toe, the flexor 
hallucis longus muscle may work independently of 
the flexor digitorum longus muscle or in conjunction 
with it. If these two muscles are poorly developed, 
they cramp easily when they are called on to perform 
activities to which they are unaccustomed. These 
muscles are used effectively in walking if the toes are 
used (as they should be) in maintaining balance as 
each step is taken. 

When the gastrocnemius, soleus, tibialis posterior, 
peroneus longus, peroneus brevis, flexor digitorum 
longus, flexor digitorum brevis, and flexor hallucis 
longus muscles are all used effectively in walking, 
ankle strength is evident. If an ankle and a foot are 
weak, in most cases the weakness is due to a lack of 
use of the muscles just mentioned. Running, walking, 
jumping, hopping, and skipping provide exercise for 
this muscle group. 


Clinical Flexibility 


The flexor hallucis longus may be stretched by ac- 
tively taking the great toe into extreme extension. 
This is accomplished by using the hands to pull 
back the big toe and stretch the tendon at the end 
movement. With the other hand, push down on the 
four lateral toes into flexion so that the big toe is 
isolated during the movement. Stretching of the 
gastrocnemius is also helpful. Contraindications: 
These stretches are safe with controlled movement. 
Discomfort might be felt if tendinopathies are 
present. 


Strengthening 


The flexor hallucis longus muscle may be spe- 
cifically strengthened by performing the towel 
grab-stretches described for the flexor digitorum 
longus. 
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OIAI MUSCLE CHART  FLEXOR HALLUCIS LONGUS (fleks “or hal-u 'sis long 'gus) Big-toe flexor— “Harry” 


Flexor hallucis 
longus m. 


i Plantar flexion 
Toe flexion ti 


Foot inversion 


Name of Muscle Origins Insertion 


Actions Innervations 


Middle two-thirds of 
posterior surface of 
fibula toe 


Flexor hallucis longus 


Individual Muscles of the Leg, Ankle, 
and Foot—Lateral Compartment 


PERONEUS LONGUS MUSCLE 


Palpation 


Palpate the peroneus longus on the upper lateral side 
of the tibia, just distal to the fibular head and down to 
immediately posterior to the lateral malleolus and just 
posterolateral from the tibialis anterior and extensor 
digitorum longus, with active eversion. 


CLINICAL 
NOTES 


Plantar surface of base 
of distal phalanx of great 


Plantar flexion of ankle 
and inversion of foot, 
plantar flexion of big toe 


Tibial nerve (L5, S1-S2) 


Muscle Specifics 


The peroneus longus muscle passes posteroinferiorly to 
the lateral malleolus and under the foot from the outside 
to under the inner surface. Because of its line of pull, it 
is a strong evertor and assists in plantar flexion. 
Developed without the other plantar flexors, it 
would produce a weak, everted foot. In running, 
jumping, hopping, and skipping, the foot should be 
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OIAI MUSCLE CHART  PERONEUS LONGUS (per-o-ne us long gus) Greek for “fibula” 


Plantar 
flexion 


Foot 
eversion 


Name of Muscle Origins Insertion 


Head and lateral shaft 
of upper two-thirds of 
fibula 


Peroneus longus 
and 1st medial 
plantar surface 


placed so that it is pointing forward to ensure proper 
development of the group. 


Clinical Flexibility 


The peroneus longus may be stretched by moving the 
foot into extreme inversion and dorsiflexion while 
the knee is extended. While peroneus longus is hard 
to isolate, the gastrocnemius stretch will lengthen ii 
with the foot in inversion. Use a rope to help hold 
the foot in inversion, and then dorsiflex the foot. This 
helps isolate the lateral side of the leg. 


Strengthening 


Eversion exercises to strengthen the peroneus longus 
may be performed by turning the sole of the foot out- 
ward while resistance is applied in the opposite di- 
rection. This is accomplished using a large sock filled 
with a weight. Tie the sock around the dorsal part of 
the foot, and sit at the end ofa table with the feet hang- 
ing off the edge. Start with the foot in plantar flexion, 
with the toe pointed in. Lift the weight up into dorsi- 


Base of 1st metatarsal 


Actions Innervations 


Eversion of foot, assists 
plantar flexion 


Superficial peroneal 


cuneiform nerve (L4-L5, S1) 


flexion, and try to evert the foot. Repeat, and return to 
the start position each time. Contraindications: This 
exercise is safe with controlled movement. 


PERONEUS BREVIS MUSCLE 


Palpation 


Palpate the tendon of peroneus brevis at the proxi- 
mal end of the 5th metatarsal, just proximal and pos- 
terior to the lateral malleolus and immediately deep 
anteriorly and posteriorly to the peroneus longus, 
with active eversion. 


CLINICAL 
NOTES 
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OIAI MUSCLE CHART  PERONEUS BREVIS (per-o-ne us bre vis) Shorter evertor 


Plantar 
Ea flexion 


eversion 


Name of Muscle Origins Insertion 


Actions 


Innervations | 


Lateral shaft of lower 
two-thirds of fibula 


Peroneus brevis 


Muscle Specifics 


The peroneus brevis muscle passes posteroinferiorly 
to the lateral malleolus to pull on the base of the 5th 
metatarsal. It is a primary evertor of the foot and as- 
sists in plantar flexion. In addition, it aids in main- 
taining the lateral longitudinal arch as it depresses 
the foot. The peroneus brevis muscle is exercised with 
other plantar flexors during running, jumping, hop- 
ping, and skipping. 


Tuberosity of lateral 
aspect of 5th metatarsal 


Eversion of foot, assists 
in plantar flexion of ankle 


Superficial peroneal 
nerve (L4-L5, S1) 


Clinical Flexibility 


The peroneus brevis is stretched in the manner de- 
scribed for the peroneus longus. 


Strengthening 


Strengthen the peroneus brevis in a fashion similar to 
that for the peroneus longus by performing eversion 
exercises, such as turning the sole of the foot outward 
against resistance. 


PERONEUS TERTIUS MUSCLE 


Palpation 


Palpate peroneus tertius just medial to the distal fib- 
ula and lateral to the extensor digitorum longus ten- 
don on the anterolateral aspect of the foot, down to 
the medial side of the base of the 5th metatarsal, with 
dorsiflexion and eversion. 
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OIAI MUSCLE CHART  PERONEUS TERTIUS (per-o-ne us ter 'shi-us) Secret dorsiflexor 


Peroneus tertius m. 


Foot eversion 


Name of Muscle Origins Insertion 
Peroneus tertius With extensor digitorum 
longus, anterior distal 
third of fibula 
CLINICAL 
NOTES 


Muscle Specifics 


The peroneus tertius, absent in some humans, is a 
small muscle that assists in dorsal flexion and ever- 


Actions 


Innervations | 


Base of 5th metatarsal 


Eversion of foot, assists 
dorsiflexion 


Deep peroneal nerve 
(L4-L5, S1) 


sion. Some authorities refer to it as the fifth tendon of 
the extensor digitorum longus. 


Clinical Flexibility 


The peroneus tertius may be stretched by moving the 
foot into extreme inversion and plantar flexion. The 
gastrocnemius stretch is suitable, but with the foot 
inverted during the movement. 


Strengthening 


Strengthen the peroneus tertius by pulling the foot up 
into dorsiflexion against a weight or resistance. The 
weighted-sock exercise is useful to help strengthen 
this muscle. Everting the foot against resistance, such 
as weighted eversion towel drags, can also be used for 
strength development. 
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Individual Muscles of the Ankle 
and Foot—Anterior Compartment 


TIBIALIS ANTERIOR MUSCLE 


Palpation 


The tibialis anterior, the first muscle to the lateral side 
of the anterior tibial border, is particularly palpable 
with fully active ankle dorsiflexion; palpate the most 
prominent tendon of tibialis anterior as it crosses the 
ankle anteromedially. 


CLINICAL 
NOTES 


Muscle Specifics 


By its insertion, the tibialis anterior muscle is in a 
fine position to hold up the inner margin of the foot. 
However, as it contracts concentrically, it dorsiflexes 
the ankle and is used as an antagonist to the plantar 


OIAI MUSCLE CHART  TIBIALIS ANTERIOR (tib-i-a lis ant-te ri-or) Primary dorsiflexor 


Tibialis anterior m. 


Foot inversion 


Name of Muscle Origins 


Insertion 


Actions Innervations | 
———______—_—_—_—________________________—_—_—_—_—_— _____—  ___—_—_—  _ 


Tibialis anterior Upper two-thirds of 


lateral surface of tibia 


Base of 1st metatarsal 
and inner surface of 


Dorsiflexion and 
inversion of foot 


Deep peroneal nerve 
(L4-L5, S1) 


medial cuneiform 


flexors of the ankle. The tibialis anterior is forced to 
contract strongly when a person ice skates or walks 
on the outside of the foot. It strongly supports the 
medial longitudinal arch in inversion. Walking in a 
hilly area will usually cause tenderness in the anterior 
capsule of the leg, especially if the person is not ac- 
customed to this activity. 


Clinical Flexibility 


The tibialis anterior may be stretched by moving the 
foot into extreme plantar flexion. This is accomplished 
by sitting and crossing one leg over the other so that 
the ankle rests on the other leg. The foot is plantar- 
flexed as the hand assists in a gentle stretch to the 
anterior leg. The toes should also be flexed while 
performing this movement. Contraindications: This 
stretch is safe with controlled movement. 
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Strengthening 


Use the weighted-sock exercise to strengthen this mus- 
cle. The foot should begin in an everted and plantar- 
flexed position. The weight is lifted into dorsiflexion 
and inversion. 


EXTENSOR DIGITORUM LONGUS 
MUSCLE 


Palpation 


The extensor digitorum longus is the second muscle 
to the lateral side of the anterior tibial border; palpate 
the extensor digitorum longus on the upper lateral 
side of the tibia between the tibialis anterior medi- 
ally and the fibula laterally. With active toe extension, 


OIAI MUSCLE CHART  EXIENSOR DIGITORUM LONGUS (eks-ten 'sor dij-i-to'rum long gus) Long toe extensors 


Extensor digitorum 
longus m. 


Eversion 


Name of Muscle Origins 


Extensor digitorum 
longus 


Lateral condyle of tibia, 
head of fibula—proximal 
iwo-thirds of anterior toes 
shaft of fibula 


Insertion 


Middle and distal 
phalanges of four lateral 


Actions Innervations 


Dorsiflexion of ankle, 
eversion of foot, 
extension of two to five 
outer toes 


Deep peroneal nerve 
(L4-L5, S1) 
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this muscle divides into four tendons just distal to the 
anterior ankle. 


CLINICAL 
NOTES 


Muscle Specifics 


Strength is necessary in the extensor digitorum lon- 
gus muscle to maintain balance between the plantar 
and the dorsal flexors. Action that involves dorsal 
flexion of the ankle and extension of the toes against 
resistance strengthens both the extensor digitorum 
longus and the extensor hallucis longus muscles. 
This may be accomplished by manually applying a 
downward force on the toes while attempting to ex- 
tend them up. 


Clinical Flexibility 


The extensor digitorum longus may be stretched mov- 
ing the four lesser toes into full flexion while the foot 
is inverted and plantar-flexed. Pressure is applied to 
the top of the toes as the flexion occurs, stretching the 
attachments of the extensor tendons. Move each toe 
separately into flexion while holding the other toes 
back. Use the thumb and fingers to apply a genitle 
stretch to each toe. Contraindications: This stretch 
is safe with controlled movement. Cramping might 
occur. 


Strengthening 


Use the weighted-sock exercise for the extensor digi- 
torum longus. Move the toes into extension with the 
dorsiflexion during the stretch. 


EXTENSOR HALLUCIS LONGUS MUSCLE 


Palpation 


Palpate the extensor hallucis longus from the dorsal 
aspect of the great toe to just lateral to the tibialis 


anterior and medial to the extensor digitorum longus 
at the anterior ankle joint. 


CLINICAL 
NOTES 


Muscle Specifics 


The four dorsiflexors of the foot—tibialis anterior, 
extensor digitorum longus, extensor hallucis longus, 
and peroneus tertius—are called into action when 
climbing stairs or while hiking. Dorsiflexion is an 
important movement; its strength should be balanced 
with the flexors. 


Clinical Flexibility 


The extensor hallucis longus may be stretched by 
moving the great toe into full flexion while the foot is 
everted and plantar-flexed. Apply pressure to the top 
of the toe as flexion occurs. Contraindications: This 
stretch is safe with controlled movement. 


Strengthening 


Extension of the great toe, as well as ankle dorsiflex- 
ion against resistance, will provide strengthening for 
the extensor hallucis longus. The weighted sock works 
well for this muscle. Contraindications: Strengthen- 
ing is safe with controlled movement. 


Intrinsic Muscles of the Foot 


The intrinsic muscles of the foot (figure 19.12) have 
their origins and insertions on the bones within the 
foot. The extensor digitorum brevis is located on the 
dorsum of the foot, while the others are located in 
a plantar compartment in four layers on the plantar 
surface of the foot. The muscles located in the four 
layers are listed in the following box. 
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OIAI MUSCLE CHART  EXIENSOR HALLUCIS LONGUS (eks-ten 'sor hal-u'sis long gus) Extension of the big toe 


Extensor hallucis 
longus m. 


dorsal 


Name of Muscle Origins Insertion 


Middle two-thirds 
of medial surface 
of anterior fibula, 
interosseous membrane 


Extensor hallucis longus 
great toe 


Second layer 
Quadratus plantae, lumbricales (four) 


Third layer 
Flexor hallucis brevis, adductor hallucis, flexor digiti minimi 
(quinti) brevis 


Fourth (deep) layer 
Dorsal interossei (four), plantar interossei (ihree) 


The intrinsic foot muscles may be grouped by loca- 
tion as well as by the paris of the foot on which they 
act. The abductor hallucis, flexor hallucis brevis, and 
adductor hallucis all insert either medially or laterally 
on the proximal phalanx of the great toe. The abduc- 
tor hallucis and flexor hallucis brevis are located 
somewbhat medially, whereas the adductor hallucis is 
more centrally located beneath the metatarsals. 


Base of distal phalanx of 


Actions Innervations 


Dorsiflexion of ankle, 
toe extension and weak 
inversion 


Deep peroneal nerve 
(L4-L5, S1) 


The quadratus plantae, four lumbricales, four dor- 
sal interossei, three plantar interossei, flexor digito- 
rum brevis, and extensor digitorum brevis are all 
somewhat centrally located. All are beneath the foot 
except the extensor digitorum brevis, which is the 
only intrinsic muscle in the foot located in the dorsal 
compartment. Although the entire extensor digitorum 
brevis has its origin on the anterior and lateral calca- 
neus, some anatomists refer to its first tendon as the 
extensor hallucis brevis in order to maintain consis- 
tency in naming according to function and location. It 
is often involved in severe ankle inversion sprains. 

Located laterally beneath the foot are the abduc- 
tor digiti minimi and the flexor digiti minimi brevis, 
both of which insert on the lateral aspect of the base 
of the proximal phalanx of the 5th phalange. Because 
of these two muscles' insertion and action on the 5th 
toe, the name quinti is sometimes used instead of 
minimi. 
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Lumbricales 


1 Flexor hallucis 


Flexor digiti 
minimi brevis longus tendon 
Flexor digitorum 
Abductor digiti Abductor hallucis longus tendon 
minimi Ă | Abductor hallucis 
igi cut 
era digitor n) Quadratus plantae (eul) 
] 
Plantar aponeurosis Flexor digitorum 
(cut) brevis (cut) 
Calcaneus Lu 
(a) Layer 1, plantar view (b) Layer 2, plantar view 
Adductor hallucis 
Plantar - 
Flexor digiti Flexor hallucis brevis interosseous | 
Dorsal 


minimi brevis 
Flexor hallucis 
longus tendon (cut) 


Abductor hallucis (cut) 


Quadratus plantae 
(cut) Flexor digitorum 


longus tendon (cut) 


(c) Layer 3, plantar view (d) Layer 4, plantar view (e) Layer 4, dorsal view 


FIGURE 19.12  Intrinsic muscles of the foot 


Four muscles act on the great toe. The abductor 
hallucis is solely responsible for abduction of the 
great toe, but it assists the flexor hallucis brevis in 
flexing the great toe at the metatarsophalangeal joint. 
The adductor hallucis is the sole adductor of the great 
toe, while the extensor digitorum brevis is the only 
intrinsic extensor of the great toe ai the metatar- 
sophalangeal joint. 

The four lumbricales are flexors of the 2nd, 3rd, 
4th, and 5th phalanges at their metatarsophalangeal 
joints, while the quadratus plantae are flexors of these 
phalanges at their distal interphalangeal joints. The 
three plantar interossei are adductors and flexors of 
the proximal phalanxes of the 3rd, 4th, and 5th pha- 
langes, while the four dorsal interossei are abductors 
and flexors of the 2nd, 3rd, and 4th phalanges, also 
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at their metatarsophalangeal joints. The flexor digi- 
torum brevis flexes the middle phalanxes of the 2nd, 
3rd, 4th, and 5th phalanges. The extensor digitorum 
brevis, as previously mentioned, is an extensor of the 
great toe but also extends the 2nd, 3rd, and 4th pha- 
langes at their metatarsophalangeal joints. 

There are two muscles that act solely on the 5th 
toe. The proximal phalanx of the 5th phalange is 
abducted by the abductor digiti minimi and is flexed 
by the flexor digiti minimi brevis. 

Refer to table 19.2 for further details regarding the 
intrinsic muscles of the foot. 

Many upper- and lower-extremity issues can be 
helped by looking at the intrinsic muscles of the foot. 
Muscles are developed and maintain their strength 
only when they are used. A lack of exercise to develop 


TABLE 19.2  Intrinsic Muscles of the Foot 
Muscle Origin Insertion Action Palpation Innervation 
Flexor digitorum Tuberosity of Medial and lateral MP and PIP Cannot be Medial plantar 
brevis calcaneus, plantar aspects of 2nd, îlexion of 2nd, palpated nerve (L4, L5) 
aponeurosis 3rd, 4th, 5th middle  3rd, 4th, and 5th 
phalanxes phalanges 
Abductor digiti Tuberosity of Lateral aspect of 5th MP abduction of Cannot be Lateral plantar 
minimi (quinti) calcaneus, plantar  proximal phalanx 5th phalange palpated nerve (S1, S2) 
aponeurosis 
Flexor Cuboid, lateral Medial head: medial MP flexion of 1st  Cannotbe Medial plantar 
ka hallucis brevis cuneiform aspect of 1st proxi- phalange palpated nerve (L4, L5, S1) 
EA mal phalanx 
3 Lateral head! lateral 
= aspect of 1st proxi- 
= mal phalanx 
5 
Abductor Tuberosity of Medial aspect of MP flexion, On the plantar Medial plantar 
hallucis calcaneus, flexor base of 1si proximal  abduciion of 1st aspect of ihe nerve (L4, L5) 
retinaculum, phalanx phalanx foot from 
plantar medial tubercle 


aponeurosis 


of calcaneus to 
medial side of 
great toe proxi- 
mal phalanx 
with great toe 
abduction 


(Continued) 


TABLE 19.2  (Continued) 
Muscle Origin Insertion Action Palpation Innervation 
Flexor digiti Base of 5th Lateral aspect MP flexion ofBth  Cannot be Lateral plantar 
minimi metatarsal, sheath of base of 5th phalange palpated nerve (S2, S3) 
(quinti brevis) of peroneus proximal phalanx 
longus tendon 
Quadratus Medial head: Lateral margin of DIP flexion Cannot be Lateral plantar 
plantae medial surface of flexor digitorum of 2nd, 3rd, palpated nerve (S1, S2) 
Ă calcaneus longus tendon 4th, and 5th 
EA Lateral head: phalanges 
3 lateral border of 
E inferior surface of 
& calcaneus 
Lumbricales (4) Tendons of flexor Dorsal surface MP flexion Cannot be 1st lumbricales: 
digitorum longus of 2nd, 3rd, 4th, of 2nd, 3rd, palpated medial plantar 
and 5th proximal 4th, and 5th nerve (L4, L5) 
phalanxes phalanges 2nd, 3rd, 4th 
lumbricales: lat- 
eral plantar nerve 
(511.52) 
Adductor hallucis Oblique head: 2nd,  Lateral aspect of MP adduction of Cannot be Lateral plantar 
3rd, and 4ih meta- base of 1stproximal  1st phalange palpated nerve (S1, S2) 
tarsals and sheath phalanx 
of peroneus 
longus tendon 
Transverse head: 
iz plantar metatar- 
E sophalangeal liga- 
=! ments of 3rd, 4th, 
= and 5th phalanges 
and transverse 
metatarsal liga- 
ments 
Plantar interossei (3)  Bases and medial Medial aspects of MP adduction Cannot be Lateral plantar 
shafts of 3rd, bases of 3rd, 4th, and flexion of palpated nerve (S1, S2) 
4th, and 5th and 5th proximal 3rd, 4th, and 5th 
metatarsals phalanxes phalanges 
Dorsal interossei (4) Two heads on 1st interossei: medial MP abduction Cannot be Lateral plantar 
shafis of adjacent aspect of 2nd proxi- and flexion of palpated nerve (S1, S2) 
metatarsals mal phalanx 2nd, 3rd, and 4th 
2nd, 3rd, and 4th phalanges 
interossei: lateral 
săi aspect of 2nd, 3rd, 
E and 4th proximal 
Ş phalanxes 
S Extensor digitorum Anterior and Base of proximal Assists in MP As a mass Deep peroneal 
brevis lateral calcaneus, phalanx of 1st extension of anterior to and nerve (L5, S1) 
lateral talocal- phalange, lateral 1st phalanx slightly below 


caneal ligament, 
inferior extensor 
retinaculum 


sides of extensor 
digitorum longus 


tendons of 2nd, 3rd, 


and 4th phalanges 


and extension 
of middle three 
phalanges 


lateral malleolus 
on dorsum of 
foot 
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these muscles is one primary factor involved in the 
increase of weak-foot conditions. The feet are often 
forgotten in conditioning programs, mainly because 
the focus in conditioning programs remains on the 
larger muscle groups. Maintaining flexibility in these 
intrinsic muscles can help alleviate common foot ail- 
ments such as plantar fasciitis. The dorsal and plantar 
aspects of the foot should remain pliable as one ages, 
as a rigid foot does not support proper gait and places 


Introduction 
vw Appropriate shoes can support the feet and help with 
foot and gait mechanics. 


vw The gait cycle is divided into stance and swing 
phases. 


v Designed for propulsion and support, the foot has 26 
pones, 19 large muscles, many small intrinsic muscles, 
and more than 100 ligamenits. 


Bones 
vw There are 26 bones of the foot and ankle, not including 
the tibia and fibula. 


vw The tarsals include the calcaneus, talus, navicular, 
cuboid, and three cuneiforms. There are 5 metatarsals 
and 14 phalanges that form the toes. 


vw Theanklebonesarethe distaltibia and fibula bones, called 
the medial malleolus and lateral malleolus, respectively. 


Joints 

v The tibia and fibula form the tibiofibular joint, which is 
held together by ligamenits. 

w The ankle joint is the talocrural joint, a hinge joint. 


v Inversion and eversion occur in the subtalar and trans- 
verse tarsal joints. 


w Phalanges are hinge joints, and the metatarsophalan- 
geal joints are condyloid-type joints. 

w There are more than 100 ligaments in the ankle and 
foot. Ligaments can become injured in ankle sprains. 


w There are two longitudinal arches and a transverse arch. 


Movemenis 


vw Ankle and foot joint movements include dorsiflexion, 
plantar flexion, inversion, eversion, toe flexion, toe ex- 
tension, supination, and pronation. 


w Supination and pronation are combined movements. 


Ankle and Foot Muscles 

vw The gastrocnemius, soleus, and plantaris are located 
in the posterior compartment and plantar flex the ankle 
and foot. 
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excessive force on the entire body. Walking is one of 
the best activities for maintaining and developing the 
many small muscles that help support the arch of the 
foot. Yet a more concentrated daily effort to stretch 
the foot muscles is ideal. Growing evidence suggests 
that walking without shoes or with newer shoes de- 
signed to enhance proper mechanics can help correct 
foot dysfunctions, as can applying the stretching and 
strengthening exercises described in this chapter. 


v Thetibialis posterior, flexor digitorum, and flexor hallucis 
longus are located in the deep posterior compartment. 


w The peroneals are located in the lateral compartment. 
They are the peroneus longus and brevis. The perone- 
als evert the foot and ankle. 


v Thetibialis anterior, extensor digitorum longus, extensor 
hallucis longus, and peroneus tertius are in the anterior 
compartment. The tibialis anterior is a primary dorsiflex- 
or and inverts the foot. 


Nerves 


v The sciatic nerve comes from the sacral plexus and 
branches into the tibial and peroneal divisions. 


v The tibial division innervates the posterior leg, includ- 
ing the gastrocnemius, soleus, tibialis posterior, flexor 
digitorum longus, and flexor hallucis longus. 


vw The peroneal nerve divides to become the superficial 
and deep peroneal nerves. 


v The superficial peroneal nerve innervates the peroneus 
longus and brevis. 


w The deep peroneal nerve innervates the tibialis anterior, 
extensor digitorum longus, extensor hallucis longus, 
peroneus tertius, and extensor digitorum brevis. 


Individual Muscles of the Leg, Ankle, and Foot—Posterior 

Compartment 

v Gastrocnemius shapes the posterior calf with two 
heads coming from the medial and lateral condyles 
of the femur and inserting in the Achilles tendon at the 
calcaneus. The muscle flexes the knee or plantar flexes 
the foot. 


w Soleus gives a foundation to the gastrocnemius in the 
posterior compartiment. It is a true plantar flexor, as it 
begins on the tibia and fibula and inserts with the gas- 
trocnemius in the Achilles tendon at the calcaneus. 


v Tibialis posterior is a deep posterior compartiment 
muscle that is attached to the posterior tibia, fibula, and 
interosseous membrane. It inserts in the bottom of the 
foot like a web and plantar flexes the ankle and inverts 
the foot. 
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w Flexor digitorum longus is a deep posterior compart- 
ment muscle that spans from the posterior surface of 
the tibia and inserts at the base of the distal phalanx 
of the four toes. The flexor digitorum longus flexes the 
toes, inverts the foot, and plantar flexes the ankle. 


w Flexor hallucis longus comes from the posterior surface 
of the fibula and inserts on the base of the distal pha- 
lanx of the great toe. Ii flexes the great toe and assists 
in inversion of the foot and plantar flexion of the ankle. 


Individual Muscles of the Leg, Ankle, and Foot—Lateral 

Compartment 

w Peroneus longus spans the length of the fibula and 
dives under the foot at the 5th metatarsal, runs the width 
of the foot, and inserts on the medial arch on the same 
bones as does tibialis anterior. Peroneus longus everts 
and plantar flexes the foot. 


vw Peroneus brevis, shorter than the longus, also begins 


on the fibula and inserts on the base of the 5th metatar- 
sal. It assists the longus in eversion and plantar flexion. 


Worksheet Exercises 


As an aid to learning, for in-class or out-of-class 
assienments, or for testing, tear-out worksheets are 
found at the end of the text, on pages 547-550. 


True or False 
Write true or false after each statement. 


1. There are eight metatarsals. 


2. The tibialis posterior and soleus insert in the 
Achilles tendon. 


3. The peroneus tertius dorsiflexes the ankle. 
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. The soleus is the true plantar flexor of the ankle. 
5. The extensor digitorum brevis is an intrinsic 
muscle on the dorsum of the foot. 
6. The medial and lateral condyles of the femur are 
the origins of the gastrocnemius muscle. 
7. The tibial division of the sciatic nerve innervates 
the peroneals. 
8. The tendon of the tibialis anterior can be seen on 
the top of the foot during dorsiflexion. 
9. The gastrocnemius and soleus form the triceps 
surae. 
10. The medial and lateral malleoli are formed from 
the talus and calcaneus. 
11. The extensor hallucis longus inserts on the 
plantar surface of the great toe. 


Individual Muscles of the Ankle and Foot—Anterior 

Compartiment 

v Tibialis anterior has its origin on the anterior lateral sur- 
face of the tibia. It inserts on the medial arch at the me- 
dial cuneiform and the base of the 1st metatarsal bone. 
Tibialis anterior is a strong dorsiflexor of the ankle and 
inverts the foot. 


w Extensor digitorum longus comes from the lateral con- 
dyle of the tibia and portions of the fibula. It inserts on the 
top and middle of the distal phalanges of the four toes. 
Its actions include extension of the toes and dorsiflexion 
of the ankle, and it assists with eversion of the foot. 


vw Extensor hallucis longus comes from the fibula and in- 
serts at the base of the distal phalanx of the great toe. Ii 
extends the great toe, dorsiflexes the ankle, and assists 
in weak inversion of the foot. 


vw Peroneus tertius has a more anterior presentation than 
do the longus and brevis and thus is included as a dor- 
siflexor as well as an evertor. Like the peroneus brevis, 
it inserts on the base of the 5th metatarsal. 


Short Answers 
Write your answers on the lines provided. 


1. Name the tarsal bones. 


2. Name the heel of the foot. 


3. What type of joint is the tibiofibular joint? 


4. Which muscles are in the anterior compartiment? 


5. Name the muscles in the lateral compartment. 


6. What nerve supplies the top of the foot? 


7. List the muscles that dorsiflex the ankle. 


8. List the muscles that inveri the foot. 


9. Name the nerve that innervates the gastrocne- 
mius and soleus. 


10. List the muscles that evert the foot. 


Multiple Choice 


Circle the correct answers. 


1. How many bones are in the foot and ankle? 


a. 
b. 
e. 


d. 


26 
32 
14 
none of the above 


2. The two muscles that support the transverse 
arch are: 


a. 


b. 


extensor hallucis longus and flexor hallucis 
longus 


plantaris and gastrocnemius 


10. 
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c. peroneus longus and tibialis anterior 
d. none of the above 


. The peroneus brevis inserts on: 


a. the talus 

b. the calcaneus 

c. the 5th metatarsal 
d. none of the above 


. The primary dorsiflexor of the ankle is: 


a. tibialis anterior 
b. gastrocnemius 

c. tibialis posterior 
d. none of the above 


. The flexor hallucis longus originates on: 


a. the posterior surface of the femur 
b. the posterior surface of the fibula 
c. the posterior surface of the tibia 
d. none of the above 


. Primary muscles that evert the foot are: 


a. tibialis anterior and peroneus longus 
b. peroneus longus, brevis, and tertius 
c. tibialis posterior and tibialis anterior 
d. none of the above 


. Inversion and eversion are performed by the: 


a. tibiofibular joint 

b. subtalar and transverse tarsal joints 
c. talocrural joint 

d. metatarsophalangeal joint 


what side of the foot? 
a. medial 

b. dorsal 

c. lateral 

d. lateral malleolus 


. The tibialis posterior inserts on: 


a. the 5th metatarsal 
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. In order to invert, the foot muscles must cross 


b. the plantar surface of the navicular and cu- 
neiform bones and bases of the 2nd, 3rd, 4th, 


and 5th metatarsal bones 
c. all the phalanges 
d. the cuboid only 
The intrinsic muscles of the foot form 
a. 4 
5 3 
&, 7 
d. none of the above 


layers. 
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1. Locate the following parts of the ankle and foot 
on a human skeleton and on a partner: 


a. 
b. 
c. 
d. 
& 
f. 

g. 


2. Palpate and locate the following muscles and 
their origins and insertions: 


Lateral malleolus 
Medial malleolus 
Calcaneus 

Navicular 

Three cuneiform bones 
Metatarsal bones 
Phalanges 


Tibialis anterior 

Extensor digitorum longus 
Peroneus longus 

Peroneus brevis 

Soleus 

Gastrocnemius 

Extensor hallucis longus 
Flexor digitorum longus 
Flexor hallucis longus 


rpm mo an pp 


3. Demonstrate and palpate the following 
movements, active and passive: 
a. Plantar flexion 
b. Dorsal flexion 
c. I nversion 


Dorsiflexion 


d. Eversion 
e. Flexion of the toes 
f. Extension of the toes 


4. Why are low arches and flat feet not synonymous 


terms? 


5. Discuss the value of proper footwear in various 


sports and activities. 


6. What are orthotics, and how do they function? 


7. Research the anatomical factors relating to the 


prevalence of inversion versus eversion ankle 
sprains. Report your findings in class. 


8. Have a partner raise up on the toes (heel raise) 


with the knees fully extended and then repeat 
with the knees flexed approximately 20 degrees. 
Which exercise position appears to be more dif- 
ficult to maintain for an extended period of time, 
and why? What are the implications for strengih- 
ening the involved muscles and for stretching 
these muscles? 


9. Muscle analysis chart: Fill in the chart below by 


listing the muscles primarily involved in each 
joint movement. 


Plantar flexion 


Transverse tarsal and subtalar joints 


Eversion 


Flexion 


Inversion 


Extension 
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10. Antagonistic muscle action chart: Fill in the 
chart below by listing the muscle(s) or parts of 
muscles that are antagonistic in their actions to 
the muscles in the left column. 


Agonist Antagonist 


Gastrocnemius 


The Ankle and Foot Joints 


Soleus 


Tibialis posterior 


Flexor digitorum longus 


Flexor hallucis longus 


Peroneus longus/Peroneus brevis 


Peroneus tertius 


Extensor digitorum longus 


Extensor hallucis longus 
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Dimensional Massage Techniques for the 
Muscles of the Leg, Ankle, and Foot 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


20-1 Define key terms. 

20-2 Locate on a human skeleton bony structures 
of the ankle and foot. 

20-3 Palpate bony landmarks of the ankle and 
foot on a partner. 

20-4 Explore the origins and insertions of the 
muscles of the ankle and foot on a partner. 

20-5 Review general pathologies and conditions 
of the muscles of the ankle and foot. 


20-6 Discuss a treatment protocol for conditions of 
plantar fasciitis, Morton's toe, sprained ankle, 
and posterior leg cramps. 


20-7 Demonstrate safe body mechanics. 


20-8 Practice specific techniques on the leg, ankle, 
and foot muscles. 


20-9 Incorporate dimensional massage therapy 
techniques in a regular routine or use them 
when needed. 


20-10 Determine safe treatment protocols and 


refer clients to other health professionals 
when necessary. 


Anterior talofibular Compartment Foot drop Morton;'s foot structure Superior peroneal 
ligament syndrome ; retinaculum 
KEY A cil sila Plantar fasciitis 
TERMS Calcaneofibular Extensor digitorum 
ligament brevis Inversion sprain Posterior leg cramp 


Introduction 


In the same way that the hand and wrist are lo- 
cated at the end of the upper extremity, the foot and 
ankle are distally located at the end of the lower 
extremity. The feet are designed for propulsion and 
support. The weight of the entire body rests on top 
of the talus and calcaneus, just 2 of the 26 bones in 
the foot. The ankle moves in flexion, extension, in- 
version, and eversion. If any of the leg muscles are 
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in a state of contraction, ii will be apparent in the 
foot. Tight posterior leg muscles draw the foot in 
plantar flexion. The leg muscles pull on the attach- 
ments on the feet and add or subtract from normal 
foot patterns and gait. It is no wonder that the feet 
hurt on occasion even without any abnormalities 
or conditions. 

Few things compare to a good foot massage. The 
body's weight transfers through the pelvic girdle to 
the tibia and finally to the feet. As an individual 
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takes a step, the body weight concusses through 
the foot. Fully functioning leg muscles are impor- 
tant to the health and support capabilities of the 
feet. Massage therapy can help balance the soft 


tissue in the legs and feet and should be included 
as part of a conservative approach to rid the feet 
of soreness, assist in recovery from injuries, and 
encourage better walking patterns. 


Structural Perspectives of the 
Foot and Ankle 


Normal gait is disrupted when a person cannot roll 
off the toes or when dorsiflexion is not possible. The 
body compensates by using a different part of the foot 
on which to balance and walk. If the hips are in exter- 
nal rotation, for example, the feet tend to be pointed 
in that direction. The feet might roll medial to lat- 
eral to compensate for not being able to heel-strike 
and toe-off. In fact, there are a few separate issues at 
hand. The first is the structure of the foot; the second 
is a control of the gaii pattern by structural compen- 
sation of the body either from the muscles in the leg, 
curvature of the spine, hip position, deformities and 
abnormalities, and/or rotation of the hips; the third is 
inappropriate footwear. 

Foot structure is important. It is hard to toe-off in 
a gait pattern if one of the lesser toes is longer than 
the great toe. Even when the toes are crammed into 
shoes, discomfort will shift the pattern to accommo- 
date the structure. Morton's foot structure is usually 
described as a short great toe and a second toe that 
is measurably an entire knuckle longer than the great 
toe. This sometimes results in a medial-lateral shift- 
ing in walking as well as a domino effect up the ki- 
netic chain. The peroneals on the lateral leg shorten 
when walking on the medial side of the foot is more 
prevaleni. Problems with knee position, patellar track- 
ing, the Q angle, hip position, and compensating back 
muscles are not unheard of with this foot structure. 
Fortunately, appropriate orthotics can help balance 
weight distribution and this foot structure. Massage 
therapy can assist with unwinding the compensating 
muscular domino challenge. 

There are two muscles in the leg that oppose each 
other in action, but both insert on the same two bones. 
The peroneus longus and tibialis anterior balance the 
transverse arch by their opposing actions and physi- 
cal attachments. If either muscle were to shorten, this 
could change how the foot walks in the gait pattern. 
A tight tibialis anterior will pull on the medial side of 
the foot and place strain on the evertors. The opposite 
can happen with a shortened peroneus longus. Bal- 
ancing the muscles that control the transverse arch 
will assist the foot to have a normal gait pattern. Mas- 
sage therapy, exercise, and stretching work well for 
balancing the muscles of the transverse arch. 


All the leg muscles balance and stabilize the foot. 
If any are overly contracted, they pull in the direction 
of the contraction. High heels have long been blamed 
for contracted gastrocnemius and soleus muscles and 
perpetual plantar flexion. Therapists who have not 
worked with clients who walk only on the toes may 
find it hard to visualize shortened muscles that will 
not lengthen. The leg muscles are like any other pos- 
tural muscles in the body. They adapt to a repetitive 
position and, without the aid of stretching, will seek 
to permanenily shorten their fibers into a contracted 
state. High-heel shoes should come with a warning: 
“Caution: Extended wear could result in shortened 
posterior leg muscles.” 

Other structural problems might include bone 
spurs in the heel, bunions, great-toe deformities, and 
flat feet. A good pathology text will review these com- 
mon problems among clients. People have surgery, 
wear orthotics, use bad footwear, and sometimes try 
to ignore the pain. Getting a good diagnosis and un- 
derstanding the problem is half the battle. Massage 
therapy is a useful part of a conservative approach 
and can relieve the stress of being in constant pain. 


Injuries and Overuse Syndromes 


Fractures, compartment syndromes, shin splints, 
cramps, sprains, and strains are only a few of the 
possible leg, ankle, and foot problems. Fractures 
and stress fractures to the leg bones can cause bleed- 
ing into the compartments. There is little structural 
room in the compartments because they are confined 
spaces. A compartment syndrome occurs when swell- 
ing or bleeding presses against the structures in the 
compartment; it is painful and can prevent blood flow 
to the foot. This condition needs emergency care and 
resolution of the compressive issues. 

Fractures usually require casts, although some stress 
fractures may not require a cast and can even go un- 
noticed. Stress fractures may be caused not by a blow 
to the leg but by overindulgence in a sport. Runners 
have been known to get stress fractures. Any unidenti- 
fied leg pain should be diagnosed to rule out serious 
emergency issues. 

As discussed in Chapter 19, shin splints and medial 
tibial stress syndrome are terms used to describe a 
painful overuse syndrome in the anterior and deep 
posterior compartments, usually after running. In one 


438 part4 Lower Extremities 


serious scenario, the tibialis anterior and other mus- 
cles could pull the periosteum off the tibia and bleed 
into one or more of the compartments. Unfortunately, 
if the condition is not addressed immediately or if ii 
is left untreated, it could lead to a compartment syn- 
drome or possible stress fracture and create an emer- 
gency situation. Most shin splints, while unpleasant, 
do not lead to more complex problems. Involved 
muscles usually include the tibialis anterior, tibialis 
posterior, and extensor digitorum. Massage therapy, 
stretching, strengthening, and appropriate training 
reduce instances of shin splints. See Chapter 19 for 
more on shin splinis. 

Many people have experienced leg cramps in the 
middle of the night. Jumping out of bed at night to 
stand on the feet is a natural way to stretch the foot 
and posterior leg muscles. A posterior leg cramp is 
usually just a painful muscle spasm. Gastrocnemius 
and soleus cramps are common and can be a reaction 
to standing on cement all day, wearing high heels, or 
being pregnant; they can also arise from a circula- 
tory issue (such as varicose veins) or a reaction to or 
deficiency of certain vitamins or minerals. Cramping 
in other body regions as well as in the posterior leg 
muscles may be related to dehydration and the deple- 
tion of electrolytes, a problem usually seen at post- 
marathon events. Gastrocnemius cramps are often 
associated with overuse; they are the most common 
complaini about the posterior leg muscles. Should a 
client develop a gastrocnemius cramp while on the 
massage table, therapists can simply dorsiflex the 
foot to relieve the cramp. Massage therapy, stretch- 
ing, strengthening, and training go a long way to help 
prevent posterior leg cramps. For night cramps, an 
individual can place a prop at the bottom of the bed 
to help keep the foot in dorsiflexion; this should re- 
duce gastrocnemius cramps and may promote unin- 
terrupted sleep. 

The opposite of jumping out of bed to stretch is not 
wanting to do so. For the individual who suffers from 
plantar fasciitis, the first step in the morning huris the 
most, until the plantar fascia is stretched out. Later 
in the day, walking again becomes painful. Plantar 
fasciitis is an inflammation of the plantar fascia with 
possible microtears. Mostly an overuse syndrome, 
it can also be caused by tight fascia resulting from 
high arches and improper footwear. This condition is 
not limited to athletes; ii also seems to target meno- 
pausal women who are prone to soft-tissue injuries. 
Although there are medical interventions for plantar 
fasciitis, a conservative approach, including massage 
therapy, clinical flexibility, stretching, strengthening, 
hydrotherapy, appropriate footwear, and/or orthotics, 
works for many. 

Inversion sprains are one of the more common 
injuries of the ankle and foot. The foot has limited 


mobility, and if pushed to its limit from stepping in 
a hole or falling down steps, for example, the result 
could be an inversion sprain injury to the lisaments 
and soft tissue. The direction of the foot's movement 
gives meaning to the term inversion sprain. The 
outside of the foot lies laterally as the sole rolls into 
view. 

Although the foot has a great deal more inver- 
sion than eversion, the weight of the body as a fall 
becomes imminent forces the foot into an unnatu- 
ral, inverted position that puts too much strain on 
the ligaments of the ankle. Fluids rush into the pain- 
ful area and often cause a secondary trauma to the 
area. The peroneal muscles become stretched in the 
action, and specific ligaments fall prey to the inver- 
sion sprain. The anterior talofibular ligament and the 
calcaneofibular ligament are the two most common 
structures affected by inversion sprains. The ante- 
rior talofibular ligament is located at the distal end 
of the anterior fibula, attaching distally to the talus. 
The calcaneofibular ligament is located at the very 
distal end of the fibula at an angle to the calcaneus. 
On either side of the calcaneofibular ligament, tack- 
ing down the peroneal tendons, are two tissue bridges 
called the superior peroneal retinaculum and infe- 
rior peroneal retinaculum. If the sprain mechanism 
is significant, these tissue bridges could be torn and 
the peroneal tendons might ride up over the lateral 
malleolus as a result. If the body weight comes down 
on the lateral side of the foot, the sprain could involve 
the only large intrinsic dorsal foot musele, the ex- 
tensor digitorum brevis. When the sprain involves 
the ligaments, retinacula, and possibly the extensor 
digitorum brevis, there will be a great deal of swell- 
ing. Ice will help reduce the inflammatory response 
and possible secondary trauma due to the swelling, 
but ii has to be applied immediately for best results. 
It is never too late to work on the small structures 
of the foot. Years after being injured, old sprained 
ankles can harbor puffiness around the lateral mal- 
leolus. Massage therapists should treat old injuries 
with respect and use appropriate treatment options. 
Although most first-degree sprains are ignored, the 
leg muscles and other soft-tissue structures could be 
strengthened and stretched for healthy maintenance 
of ankle movement. Therapists should refer to the ap- 
propriate health care professional for safe exercise 
and strengthening guidance. See the techniques later 
in the chapter for treatment suggestions. 

Massage therapy should be included as part of the 
conservative therapies in treating muscle strains. As 
discussed before, the compartments are fairly confin- 
ing. There is no room for swelling or injuries to the 
muscles themselves. Muscle strains come in first-, sec- 
ond-, and third-degree injuries, with the worst being 
third degree, which includes torn tissue. Achilles 
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tendons are often strained or ruptured. Ii is more 
likely for the Achilles tendon to rupture as a result of 
a stop-and-start sport, such as basketball or soccer. 
For a rupture, the Achilles will have to be reattached 
and casted. It is a long healing process that should in- 
clude massage therapy and other conservative thera- 
pies in the rehabilitation efforts. 


Nerve Complaints 


PERONEAL NERVE ENTRAPMENT 
AND ISSUES 


The peroneal nerve feeds the dorsum of the foot. Ii can 
be part of the injured structures in a severe inversion 
sprain. An individual can feel tenderness and tingling 
by touching the top of the foot. The deep peroneal 
nerve is sometimes a suspect in foot drop, a condi- 
tion that usually involves a weak tibialis anterior. In 
foot drop, the toes might drag; the tibialis anterior 
cannot seem to contract well enough to dorsiflex the 
ankle properly. Whether it is muscular instability or a 
nerve issue, foot drop can affect gait dramatically. The 
peroneal nerve can be entrapped by crossing one knee 
over the other and pressing against the lateral side of 
the leg. Numbness and tingling are usually enough to 
move the legs into another position. Massage will not 
help damaged nerves, but soft-tissue bodywork can 
release hypertonic muscles that entrap nerves. 


Arthritis and Osteoarthritis 


Ankle fractures are an invitation for arthritis later in 
life. Like any other joint capsule, the foot and ankle 
have cartilage and structures of the common synovial 
joint. For individuals whose response to injury is ar- 
thritis, therapists may see enlarged calcified bony 
structures that will impede range of motion. 

One example of posttraumatic arthritis occurred 
with Tom, a 50-year-old male who was snowmobil- 
ing and caught his foot and ankle in the sled tracks 
during an accident. He sustained a spiral fracture to 
the tibia into the ankle joint. The injury was treated 
and casted. The fracture healed, but Tom always ex- 
perienced pain when walking, which was initially 
attributed to the healing process. A year later, Tom 
consulted with a different physician and brought his 
original x-rays. Broken chips of his tibia were lodged 
in his ankle joint and were wearing down the cartilage 
between the two bones. Tom had an arthroscopy, and 
the surgeon cleared out the bone chips and the dam- 
aged cartilage. The surgeon reported that Tom had 
only 40 percent of his cartilage left after the operation 
and that he would probably need a fusion of the ankle 
within a limited amount of time. The doctor indicated 
that the fusion would help resolve the pain but would 


severely limit dorsiflexion. Tom never got the fusion. 
Now, 10 years later, his ankle looks like burl on a tree; 
it has bony growths on both sides that have partially 
fused the ankle and limited dorsiflexion. When Tom 
walks, he must externally rotate his hip in order to 
roll medially off his foot. He walks with a limp. 

It is clear, in this case, that arthritis is a reaction 
to the trauma of the injury. Unfortunately for Tom, 
his gait affects his back and contributes to his lower- 
back problems. Posttraumatic arthritis cannot really 
be helped medically. There is no medication to slow 
down or stop the insidious bony growih. Massage 
therapy can help with soft-tissue compensations and 
assist other conservative efforts to maintain function. 
For Tom, full-body massage is a necessity, not just an 
option. 


Unwinding the Muscles of the Leg, 
Ankle, and Foot 


The tibia, or shin, is pointed and bony and presents 
little, if any, soft tissue. Stay to either side of the tibia, 
and do not work on it. The leg is a compaci structure; 
the compartments define the leg according to depth 
and location. Review the muscle locations in their 
compartments. Locate all the origins and insertions 
of the muscles. Do not be shy about pinpointing the 
attachments. Ask clients for appropriate feedback to 
help you locate specific sore areas. The attachments 
of the peroneus longus and tibialis anterior are almost 
always sore; structurally, they are taxed with their job 
of balancing the transverse arch. 

As with all conditions, the massage therapist must 
determine the goal of treatment. In this instance, 
evaluate how the leg muscles affect balance, stability, 
and gait of the foot. Have the client take a little walk 
for you, and record your observations. Is there hip 
and lower-extremity external rotation? Is the condi- 
tion bilateral, or is it a problem of one foot? What do 
the client's shoes look like? Is there a worn side to the 
shoe that tells a story? Which muscles are shortened, 
and which are lengthened? Have you evaluated active 
and passive motion? Always look at the agonisit and 
antagonist relationship. If the person walks medial to 
lateral, for example, there is a relationship between 
the peroneus longus and the tibialis anterior. Which 
one is shortened? Strengthening and stretching may 
have to be a part of the conservative treatment. Ther- 
apists who have not had a class in gait and postural 
assessment should consider adding one to their con- 
tinuing education list. 

Determine if there is edema in the ankle area and 
why. Make sure there are no serious reasons for 
edema, such as congestive heart failure, and rule out 
any other contraindications. A lot of people carry 
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TREATMENT PROTOCOL 


How do you unwind the foot and ankle muscles in a sequence? 


* Take a careful medical history appropriate for the client, look 
for contraindications, assess edema, and refer the client to an 
appropriate professional when necessary. 


e Always use treatment protocols to determine the sequence 
of a therapeutic session; assess active and passive ranges of 
motion of the leg, ankle, and foot. 


e  Palpate tissues. 


* Follow a dimensional approach, and critically think about the 
involved joints and muscles. 


around swelling in the foot and ankle region. To help 
reduce simple swelling in the ankles, start on the thigh 
first and use an appropriate amount of effleurage. If 
the edema is the result of a sprained ankle, deter- 
mine the stage of the sprain. An acute sprain may 
need definitive care and is a local contraindication. 
For a chronic sprain, reducing edema is part of the 
treatment. Working proximal to the area will help en- 
courage the lymphatic system to function naturally. 
For more problematic edemic situations, lymphatic 
drainage is a modality that specializes in reducing 
edema and jump-starting the lymphatic system. Refer 
the client to a certified lymphatic drainage therapist 
when necessary. 

For chronic sprained-ankle or foot structures, de- 
termine which ligaments and muscles are damaged. 
Treat the ligaments and muscles very specifically. The 
anterior talofibular and calcaneofibular ligaments 
may be very sore, but that should noi deter you from 
treating them at the right time. See the techniques 
below for treatment suggestions for the muscles of 
the leg and the muscles and ligamenis of the ankle 
and foot. 


Sequence for the Leg, Foot, 
and Ankle 


In the series of techniques that follows, you'll begin 
with the client in a supine position, treating the an- 
terior compartment muscles first. The peroneals 
come next, ending with specific strokes for muscles 
and tendons in the foot and ankle. Next, in the prone 
position, the gastrocnemius, soleus, and posterior leg 
muscles are addressed. Notice that nonlubrication 
techniques are presented first. Among the posterior 


+  Determine appropriate pressure; ask for feedback from the 
client. 


* Work superficial to deep. 
Visit all the muscles possibly involved in the problem. 
* Visitall the attachments of the involved muscles. 


+  Passively shorten muscles whenever possible with your 
techniques to decrease tension. 


* Do not overwork sore areas. 


* Begin supine, and try the techniques below for a dimensional 
approach. 


leg muscles, the Achilles tendon receives specific at- 
tention. The next treatmenits require a prone flexed 
knee. With the client in this position, treat the ankle 
and foot and even give some very specific stripping to 
the peroneals. The prone foot allows easy access to 
specific lisaments and the plantar surface of the foot. 
Do not be afraid to utilize movement of the knee joint, 
ankle, and foot in the course of the treatment. It is an 
added feature that contributes to the success of the 
techniques and can help you sink into deeper struc- 
tures. At the end of your treatments, do not forget to 
connect the entire extremity or to utilize effleurage to 
advantage. 


Dimensional Massage Therapy for the 
Muscles of the Leg, Ankle, and Foot 


The following techniques can be used as a complete 
sequence for the leg, foot, and ankle muscles or be 
incorporated into a full-body routine. 


SUPINE BODY POSITION—ANTERIOR LEG 


Broadening Away from the Tibia 


This technique separates the fibers away from the 
tibia. Start just below the client's knee. Straddle the 
tibia, and with the palms of your hands broaden away 
from the bone. Move distally toward the ankle. (See 
figure 20.1.) 


Russian Effleurage 


This is very brisk effleurage. Cup and shape both hands, 
one on top of another, over the clients anterior leg near 
the ankle. Briskly stroke toward the knee with one hand. 
As the hand reaches the knee, the other hand follows 
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Broadening away îrom the tibia 


and the whole technique is repeated. The effect must be 
as deep as possible and must be executed as quickly as 
possible. Use some lubrication. (See figure 20.2.) 


Stripping the Tibialis Anterior with Passive Shortening 


Dorsiflex the clients foot, and apply collapsed fingers 
to the base of the distal muscle. While holding the 
foot in passive dorsiflexion, strip proximal toward the 
knee. (See figure 20.3.) 


Stripping the Tibialis Anterior Tendon 


Place the clients foot in a slight dorsiflexion to passively 
shorten the tibialis anterior. Place your thumb on the 
tendon, and strip in a superior direction toward the 
belly of the muscle. (See figure 20.4.) 


Russian effleurage 


Stripping the tibialis anterior with passive shortening 


SUPINE BODY POSITION—LATERAL 
COMPARTIMENT MUSCLES 


Compression of the Peroneals with Lateral Rotation 


Place your superior hand on the client's knee. Roll 
the knee inward. Compress the peroneals, starting 
just below the fibula and traveling down the lateral 
leg. Use caution around the peroneal nerve. (See 
figure 20.5.) 


Parallel Thumbs on the Peroneals 


With the clients leg in the above position, roll your 
thumbs over each other and on the peroneals, start- 
ing from the peroneus longus origin and working to- 
ward the ankle. (See figure 20.6.) 


Compress the Superior Leg Muscles 


Compress the clients anterior tibialis and extensor 
digitorum longus. (See figure 20.7.) 


Stripping the tibialis anterior tendon 
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Compression of the peroneals with lateral rotation 


Strip the Peroneals 


Strip the peroneals on the clients lateral leg with any 
combination of fingers, with the thumb, or with col- 
lapsed fingers. Always move from the ankle toward 
the knee. (See figure 20.8.) 


Deep Transverse Friction for the Peroneals 


Using your thumbs in a seesaw motion, move up the 
peroneals from the clients ankle. Use double thumbs 
or use a single thumb. (See figures 20.9 and 20.10.) 


Deep Transverse Friction on the Peroneus Longus 
with Passive Shortening with Fingers 


Face the lower extremities, and work on the leg far- 
thest from you, on the opposite side of the clients body. 


Parallel thumbs on the peroneals 


Compression of the superior leg muscles 


Using your inferior hand, passively shorten the pero- 
neal muscles with the foot in eversion. Brace the fin- 
gers of your superior hand, and apply deep transverse 
friction to the origin of the peroneus longus while you 
maintain the position of the foot. (See figure 20.11.) 


ANKLE SUPINE 


Effleurage of the Plantar Fascia 


Place your thumbs on the clients dorsal foot, and 
place the fingers of both your hands on the plantar 
surface of the foot. Starting just below the toes, apply 
pressure on the entire sole of the foot toward the 
heel from the toes. The whole foot should move as 
you slide down the arch with appropriate pressure. 
Repeat. (See figure 20.12.) 


Deep stripping the peroneals with collapsed fingers 
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FIGURE 20.9 Deep transverse friction with double thumbs 


Elliptical Movement of the Foot 


Grasp the dorsal side of the clients foot with your 
thumbs, and place your fingers on the arch of the foot 
on both sides. Create clockwise and counterclockwise 
movements of the foot. Place your hands in differ- 
ent positions so that you elliptically move the areas 
between the tarsals and metatarsals and between the 
metatarsals and phalanges. (See figure 20.13 for el- 
liptical movement of the tarsals and figure 20.14 for 
elliptical movement of the metatarsals.) 


Circular Friction on the Extensor Digitorum Brevis 


Use circular friction on specific muscles of the client's 
foot. Use your thumbs or fingers. (See figure 20.15.) 


Windshield Wipe around the Malleolus 


Use your thumbs in opposing directions around the lat- 
eral malleolus of the clients foot. (See figure 20.16.) 


L 


FIGURE 20.10 Deep transverse friction with a single thumb 


FIGURE 20.11 Deep transverse friction on the peroneus longus 
with passive shortening 


Deep Transverse Friction to the Peroneus Longus 
and Tibialis Anterior Attachments 


Locate the tendon of the peroneus longus starting at 
the 5th metatarsal on your clients foot. Apply deep 
transverse friction to the tendon across the bottom of 
the foot with the straight fingers of one hand or your 
thumb. (See figure 20.17.) Locatie the tibialis anterior 
tendon on the foot, and apply deep transverse friction 
toward its insertion. (See figure 20.18.) 


FIGURE 20.12  Effleurage of the plantar fascia 
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Elliptical movement of ihe foot for tarsals 


Pressure with Distraction 


Locate trigger points around the ankle bones on the 
client's foot. Apply ischemic pressure while rotating 
the ankle. (See figure 20.19.) 


Trigger Points 


Locate trigger points in a variety of muscles, and 
apply ischemic pressure. Passively shorten the mus- 
cles first, if possible. 


Range of Motion 


Dorsiflex the clients ankle by cradling the calcaneus 
with your palm and using your forearm to dorsiflex 
the foot toward the ankle. (See figure 20.20.) Plantar 
flex and circumduct the ankle. Shake the ankle side to 


Elliptical movement of ihe foot for metatarsals 


Circular friction on the extensor digitorum brevis 


side by placing the heels of both hands on either side 
of the ankle at the malleoli. (See figure 20.21.) 


PRONE 


Elliptical Movement of the Gastrocnemius and Soleus 


Place both hands on either head of the gastrocnemius 
on the clients posterior leg. Move the muscles in a clock- 
wise and counterclockwise manner. (See figure 20.22.) 


Windshield wiping around îhe malleolus 
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Deep transverse friction to the peroneus longus 


Jostle the Gastrocnemius and Soleus 


Grasp each head of the gastrocnemius, and shake the 
muscles from behind the client's knee, origin to inser- 
tion. (See figure 20.23.) 


Myofascial Technique for the Gastrocnemius 


Separate the heads of the muscle by drawing the cen- 
ter of the client's gastrocnemius toward and over your 
thumbs. (See figure 20.24) 


N 
Y 


Deep transverse friction to ihe îibialis anterior 


Pressure with distraction 


Compress the Gastrocnemius and Soleus 


Compress each head of the muscle, angling the cli- 
ent's leg and your hand to best fit the area. The leg 
can lie on the table, or, as pictured, you can flex the 
leg into your hand. (See figure 20.25.) 


Flex the Knee and Stretch the Femoral Heads 
of the Gastrocnemius 


Flex the client's knee, and let the leg rest on your in- 
side forearm. Insert your fingers behind the knee at 


Dorsiflexing îhe ankle 
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Ankle shaking 


the heads of the gastrocnemius. Flex the knee a tad 
more, and as you extend the leg, stretch the fibers that 
you have anchored. Repeat. (See figure 20.26.) 


Russian Effleurage of the Gastrocnemius 


Repeat the technique used for the clients anterior 
leg, but address both heads of the gastrocnemius. 
(See figure 20.27.) 


Elliptical movement for the gastrocnemius and soleus 


Jostling the gastrocnemius and soleus 


Classic Kneading of the Gastrocnemius 


This is another Russian technique. With one hand 
performing classic kneading, use a clockwise move- 
ment with the whole muscle. Grasp part of the client's 
gastrocnemius as close to the insertion as possible. 
Always stroke toward the heart. With a clockwise 
movement, rotate the hand and the muscle toward 
your little finger. Move along the muscle in a supe- 
rior fashion. The Russians apply this technique on 
the gastrocnemius in groups of three—three strokes 
to the inside, three strokes to the middle, and three 
strokes laterally. (See figure 20.28.) 


Myofascial technique for the gastrocnemius 
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FIGURE 20.25 Compression of the gastrocnemius and soleus 


Broadening the Gastrocnemius 


Separate fibers by broadening each head of the cli- 
ent's gastrocnemius. (See figure 20.29.) 


Petrissage and Circular Friction of the 
Gastrocnemius 


Use alternating petrissage and circular friction on 
each head of the client's gastrocnemius. 


Forearm Effleurage to the Gastrocnemius 


Flatten and stroke the clients gastrocnemius with 
your forearm from ankle to knee. Repeat. (See fig- 
ure 20.30.) 


MASS, 


FIGURE 20.26  Streiching the femoral heads of the gastrocnemius 


FIGURE 20.27 Russian effleurage of the gastrocnemius 


This is a great time to add active engagement tech- 
niques for the posterior leg muscles. 


Achilles Tendon Glide 


While holding the clients plantar foot with one hand, 
grasp the Achilles tendon with the thumb and forefin- 
ger of the other hand. Stroke the tendon in a superior 
direction toward the muscle while dorsiflexing the 
foot. (See figure 20.31.) 


Deep Transverse Friction for the Achilles Tendon 


Use your thumbs in a seesaw motion over the client's 
Achilles tendon. (See figure 20.32.) 


Flex and Strip the Achilles Tendon 


Flex and extend the clients ankle while stripping the 
tendon. Achilles stretch: Dorsiflex the foot and use 
your fingers and thumb to stretch the tendon at the 
calcaneus. (See figure 20.33.) 


PRONE FLEXED KNEE 


Distracting the Ankle and Knee Joints 


Flex the clients knee joint. Surround the calcaneus 
and dorsal part of the foot, and lift the whole leg off 
the table. Shake the leg. (See figure 20.34.) 


Foot Flip-Flop 


Stand to the side of the end of the table by your cli- 
ent's feet. Pick up the ankle closest to you, and bend 
the client's knee. Hold the foot so that the ankle is 


448 part4 Lower Extremities 


Classic kneading of the gastrocnemius 


Broadening the gastrocnemius 


between your thumb and forefinger of each hand. 
Surround the Achilles tendon with one hand and the 
anterior ankle with the other. Alternately dorsiflex 
and plantar flex the ankle as you shape your hand to 
the structure of the ankle. Glide superiorly and infe- 
riorly as the ankle flexes. Repeat a few times. Lift the 


Forearm effleurage to ihe gastrocnemius 


Achilles tendon glide 


foot by the ankle, and shake the knee joint slightly to 
distract the ankle joint. (See figure 20.35.) 
Deep Stripping the Peroneals with Collapsed Fingers 


Flex the clients knee joint. Hold the ankle with the 
inside hand. Position your collapsed fingers just 
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Deep transverse friction for the Achilles tendon 
e Ţ — 


Flexing and stripping the Achilles tendon 


superior to the lateral malleolus. As you draw the leg 
toward you, strip in a superior direction toward the 
head of the peroneus longus. (See figure 20.36.) 


FOOT PRONE 


Wringing the Bottom of the Foot 


Flex the clients knee joint. Grasp the bottom of the 
foot so that one hand comes across the arch and the 
other hand opposes it in position. Move your hands in 
a wringing motion. (See figure 20.37.) 


Deep Transverse Friction to the Anterior 
Talofibular Ligament 


Flex the clients knee joint. Locate the lateral malleolus 
and the anterior talofibular ligament. Apply your thumb 
at a right angle to the ligament, and draw across ii. (See 
figure 20.38.) 


Distracting the ankle and knee joints 


Foot flip-flop 
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Deep stripping ihe peroneals with collapsed fingers 


Deep Transverse Friction to the Calcaneofibular 
Ligament 


Flex the clients knee joint. Locate the lateral mal- 
leolus and the calcaneofibular ligament. Apply your 
thumb ai a right angle to the ligament, and draw 
across it. (See figure 20.39.) On either side of the 
calcaneofibular ligament are the superior and inferior 


Wringing îhe bottom of ihe foot 


Deep transverse friction to the anterior ialofibular 
ligament 


Deep transverse friction to the calcaneofibular 
ligament 


peroneal retinacula. Apply deep transverse friction to 
the retinacula. 


Hack the Bottom of the Foot 


Lightly hack the bottom of the clients foot with one 
hand. (See figure 20.40.) 
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Place the leg on the table, and apply efileurage to the 
clients leg and perhaps to the entire lower extremity. 
Finish with nerve strokes. 

See Chapters 19 and 21 for stretching and strength- 
ening of specific muscles of the leg, ankle, and foot. 


Introduction 


w The foot and ankle are located distally at the end of the 
lower extremity. 


v The weight of the entire body rests on the talus and 
calcaneus, which are 2 of the 26 bones of the foot. 


vw Massage therapy can provide a great deal of relief for 
soft-tissue dysfunction of the leg, ankle, and foot. 


Structural Perspectives of the Foot and Ankle 


w Normal gait patterns include a heel-strike and a roll off 
the toes. 


w Abnormal foot structures, curvatures of the spine and hip 
positions, deformities and abnormalities, and inappropriate 
footwear contribute to problematic gait patterns. 


w Abnormal gait patterns contribute to structural problems 
that reverberate up the kinetic chain. 


Injuries and Overuse Syndromes 

w Fractures, compartment syndromes, shin splints, 
cramps, sprains, and strains are a few of the possible 
problems for the leg, ankle, and foot. 

w Fractures and compartment syndromes are emergency 
injuries. 

w Shin splints are an overuse syndrome and do not usually 
lead to an emergency situation. 

v Posterior leg cramping can be caused by a variety 
of problems from poor circulation and fatigue to poor 
shoes, vitamin deficiency, or dehydration. 

w Plantar fasciitis is an inflammation of the plantar fascia 
that causes pain during walking. 

v Inversion sprains can involve ligament tears, swelling, 
and nerve damage. 


FIGURE 20.40 Hacking the bottom of the foot 


vw Although many problems of the foot and ankle are of 
an emergency nature, massage therapy can help re- 
solve soft-tissue complaints with other conservative 
therapies. 


Nerve Complainis 
vw The peroneal nerve can be damaged in inversion 
sprains. 


vw The deep peroneal nerve has been implicated in 
foot drop, a condition that involves a weak tibialis 
anterior. 


w Crossing the legs at the knee can entrap the peroneal 
nerve. 


Arthritis and Osteoarthritis 
v Posttraumatic arthritis may affect gait patterns. 


Unwinding the Muscles of the Leg, Ankle, and Foot 

v Thetibia, or shin, is pointed and superficial on the ante- 
rior leg. It should be avoided during treatment. 

v Review the muscles of the compartments. Locate the 
origins and insertions of the muscles. 

v Always use treatment protocols to determine the se- 
quence of a therapeutic session. 


v Refer clients to appropriate health care professionals 
when necessary. 


Sequence for the Leg, Foot, and Ankle 

w The suggested sequence begins with the client supine 
for treatment of the anterior and lateral compartment 
muscles. 

w With the client in a prone position, treatment includes 
techniques for the posterior compartment muscles, 
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strokes for the Achilles tendon, a flexed-knee position v Apply techniques to the lateral compartment muscles. 
with strokes for lateral compartment muscles, ankle and v The prone position allows the use of range of motion 
foot techniques, and prone foot strokes. with the foot while applying techniques to the posterior 


Dimensional Massage Therapy for the Muscles of the Leg, compariment muscles. 


Ankle, and Foot v Treat trigger points toward the end of treatment and do 
v Begin using specific strokes for the muscles of the ante- range of motion of joints last. 

rior foot and ankle. 
vw Approach techniques methodically, unwinding soft tis- 

sue superficially to deep. 


True or False 2. What two ligaments in the ankle get injured the 
most in inversion sprains? 


Write true or false after each statement. 


1. Massage is appropriate for an acute anterior 
compartment syndrome. 


2. A client who has worn high heels for 10 years 
and cannot bring the foot out of plantar flexion 
has complete flexibility after just one massage 
treatment. 3 


„ Name three things that can contribute to poste- 

3. Plantar fasciitis is a problem only for athletes. rior leg cramping. 

4. Individuals who have had an inversion sprain 
can have puffiness around the lateral malleolus 
years later. 


5. Morton's foot structure can contribute to an 
abnormal gait pattern. 


6. The calcaneofibular ligament is insignificant and 
as 4. Is a compartment syndrome a dangerous problem? 

never injured. 
7. Shin splints could lead to a compartment syn- 


drome. 


8. Arthritis is so rare that the massage therapist 
will never see it in practice. 


9. Plantar fasciitis usually hurts when you first step 

on your feet in the morning. 5. Define plantar fasciitis. 

10. Problems in the feet such as gait and structure 
can contribute to back pain. 


Short Answers 


Write your answers on the lines provided. 


1. What is the difference between an inversion 6. Name an intrinsic muscle that is on the top of 
sprain and an eversion sprain? the foot on the lateral side. 
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„ Name two muscles that balance the transverse 


arch. 


. What problem can result from a weak tibialis 


anterior muscle? 


„ Name two things that might affect a gait pattern. 


10. 


Name the actions of the ankle and foot. 


Multiple Choice 


Circle the correct answers. 


ile 


If you had a client on your table who had a gas- 
trocnemius cramp, you would: 


a. plantar flex the foot 

b. dorsiflex the foot 

c. ask the client to stop whining 
d. none of the above 


. The major muscles that might be involved in 


posterior leg cramping are: 

a. gastrocnemius and soleus 

b. tibialis anterior and extensor digitorum longus 
c. peroneus longus and brevis 

d. all of the above 


. The muscles most likely to be involved in shin 


splints are: 
a. peroneals 
b. gastrocnemius and soleus 


c. tibialis anterior, tibialis posterior, and 
extensor digitorum longus 


d. none of the above 


4. 


10. 
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Morton's foot structure appears to have: 


a. a short great toe and a second toe that is a 
whole knuckle longer than the great toe 


b. all the toes equal in size and length 
c. a bunion at the first metatarsal 
d. none of the above 


„ Which of the following might prevent you from 


working on a sprained ankle? 
a. extreme swelling 

b. extensive bruising 

c. 10 on the pain scale 

d. all of the above 


. Muscles that might be involved in inversion 


sprains include: 

a. gastrocnemius 

b. peroneals 

c. soleus 

d. none of the above 


. IF a client was cramping all over, you would: 


a. start prone and work only on the back 
muscles 

b. start in a supine position and work superficial 
to deep 

c. work on the lower extremity first 


d. refer the client to an appropriate health care 
professional 


. Two of the muscles that dorsiflex the ankle are: 


a. gastrocnemius and soleus 


b. tibialis anterior and extensor digitorum 
longus 


c. flexor hallucis longus and tibialis 
posterior 


d. none of the above 


.„ Foot drop may be a weakness in: 


a. tibialis anterior 

b. peroneus longus 

c. tibialis posterior 

d. none of the above 

If a client came in with an undiagnosed pain in 
the leg from a direct-blow trauma, you would: 


a. massage the client and make repeated 
appointments 


b. make an appropriate referral 


c. examine the leg by applying pressure to the 
hematoma 


d. do nothing 
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1. Locate bony landmarks of the ankle and foot on 6. List which muscles are agonists and synergists 
a partner. for dorsiflexion of the ankle and foot. 

2. Locate on a partner the origins and insertions 7. List which muscles are agonists and synergists 
of the muscles discussed in this chapter and in for plantar flexion of the ankle and foot. 
Chapter 19. 


8. List which muscles are agonists and synergists 
3. Demonstrate how to passively shorten the dorsi- for inversion and eversion of the ankle and foot. 
flexors, plantar flexors, invertors, and evertors of 


Îi pai NU at 9. Describe how you might work on a client who 


had a sprained ankle in a chronic stage. 
4. Demonstrate passive range of motion of the 


anible/aad too ata pater 10. Practice dimensional techniques individually 


and in a sequence on a partner. 
5. Demonstrate active range of motion of the ankle 
and foot with a partner. 


Muscular Analysis of the Trunk 
and Lower-Extremity Exercises 


LEARNING OUTCOMES 


After completing this chapter, you should be able to: 


KEY 
TERMS 


21-1 Analyze movements to determine the 


joint actions and the types of contractions 
occurring in the specific muscles involved in 
those movemenis. 


21-2 Categorize groups of individual muscles that 


produce certain joint movements. 


21-3 Demonstrate specific clinical flexibility and 


strengthening exercises for the lower extremity. 


21-4 Explain how certain muscle groups 


might have an effect on lower-extremity 
dysfunctions. 


Contraction Core 


Introduction 


The lower extremities allow the body to propel 
itself against gravity, participate in sports requir- 
ing skill and precision, and participate in myriad 
other activities. The bodys system of levers and 
muscles works synergistically to produce smooth, 
powerful movement. When movement is compro- 
mised by shortened and weak muscle tissue, pain 
usually results, thereby setting off a snowball of 
mechanical disadvantages. The lower extremities 
have a vital connection to the upper extremities, 


Sarcopenia 


21-5 Apply the concept of the open kinetic chain to 


the lower extremity. 


21-6  Identify the contraindications in performing 


the exercises in this chapter. 


21-7 Recognize the concepts of analyzing and 


prescribing exercises to strengthen major 
muscle groups. 


Traditional kinesiology 


discussed in Chapter 12. Dysfunctional gait, for 
example, directly affects upper-body movement. 
An individual might hold her head in an awkward 
position that places torque on the cervical disks, 
or lower-extremity limitations might change a 
person's sports ability and skill. Specific stretch- 
ing and resistance exercises that condition this 
area and isolate the muscle groups can help indi- 
viduals maintain natural movement, abate injury, 
and enjoy a better quality of life. This chapter in- 
cludes some of these simple exercises, and it will 
be helpful for the student to review the principles 
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of clinical flexibility and therapeutic exercise in 
Chapter 12. 

The exercises and activities in this chapter 
focus on the muscles in the trunk and lower ex- 
tremity. Strength, endurance, and flexibility of 


these muscles are important for skillful physical 
performance and body maintenance. Prescribed 
exercises for the lower extremity should focus on 
ienored and/or underworked muscles, which are 
also mentioned in this chapter. 


Muscle Contraction 


The type of contraction of a muscle is determined 
by whether the muscle is lengthening or shortening 
during the movement. However, muscles may shorten 
or lengthen in the absence of a contraction through 
passive movement caused by other contracting mus- 
cles, momentum, gravity, or external forces, such as 
manual assistance and exercise machines. 

A concentric contraction is a shortening contraction 
of the muscles against gravity or resistance, whereas 
an eccentric contraction is a contraction in which the 
muscle lengthens under tension to control the joints 
moving with gravity or resistance. This lengthening 
movement is an important component in challenging 
muscle hypertrophy. 

Contraction against gravity is evident in the lower 
extremities when the body moves into a vertical po- 
sition, such as when rising from sleeping. Gravity 
acts on joints and muscles, and contractions must 
occur against the force of gravity for movement to 
occur. 

The quadriceps muscle group contracts eccentri- 
cally when the body slowly lowers in a weight-bearing 
movement through lower-extremity action. The 
quadriceps functions as a decelerator to knee joint 
flexion in weight-bearing movements by contracting 
eccentrically to prevent too rapid downward move- 
ment. One can easily demonstrate this by palpating 
this muscle group when slowly moving from a stand- 
ing position to a half-squat. Almost as much work 
is done in this type of contraction as in concentric 
contractions. 

In this example involving the quadriceps, the slow 
descent is eccentric, or lengthening, and the asceni 
from the squatted position is concentric. If the de- 
scent were under no muscular control, ii would be 
at the same speed as gravity and the muscle length- 
ening would be passive. That is, the movement and 
change in length of the muscle would be both caused 
and controlled by gravity and not by active muscular 
contractions. 

In recent years, an increasing number of medical 
and allied health professionals have emphasized the 
development of muscle groups through resistance- 
training and circuit-training activities. Athletes and 
nonathletes, both male and female, require overall 
muscular development. Even individuals who do not 
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necessarily desire significant muscle mass are advised 
to develop and maintain muscle mass through resis- 
tance training; moreover, simple exercises designed 
to maintain strength and flexibility can be performed 
without joining a health club. Resistance exercises 
have multiple benefits. As the body ages, muscle mass 
decreases, a condition called sarcopenia; as a result, 
the body is more susceptible to injuries as well as 
decreased metabolism. This factor, combined with 
improper eating habits, results in unhealthy fat ac- 
cumulation and excessive weight gain. The United 
States is currently seeing an increase in adolescent 
obesity, a percentage that could be decreased through 
education about proper diet and exercise. Through 
increasing muscle mass, the body burns more calo- 
ries and is less likely to gain excessive fat. 

Despite common myths, sports participation 
does not ensure sufficient development of muscle 
groups. Additionally, more emphasis is being placed 
on traditional kinesiology in physical education 
and athletic skill teaching. Traditional kinesiology 
is the study of the science of muscle movement, 
which involves biomechanics, prescribed exercise, 
and anatomy. Traditional kinesiology can help bring 
about more skillful performance; however, one must 
remember that mechanical principles will be of little 
or no value to performers without adequate strength 
and endurance of the muscular system, which are 
developed through specific exercises and activities. 
In recent years, greater emphasis has been placed 
on exercises and activities that improve one's physi- 
cal fitness, strength, endurance, and flexibility. Some 
of the exercises presented in this chapter consist of 
Active Isolated Stretching (AIS), described in Chap- 
ter 12, and strengthening of the same muscles that 
were lengthened (antagonists), which makes under- 
standing the functional actions of the agonist and 
antagonist easier. Refer to table 12.1 on page 244, 
which shows the protocol for performing AIS. An 
8-foot rope is used in some of the stretches; rope is 
recommended over an elastic band or towel. 

This chapter continues analyzing muscles through 
specific exercises. When these techniques are mas- 
tered, individuals will have a better understanding 
of analyzing and prescribing exercises and activities 
for the muscular strength and endurance needed 
in sports activities and for healthy living. A word of 
caution: Therapists must stay within their scope of 
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practice when recommending exercises to patients. 
This chapter is only a guide to fully understanding 
the principles of prescribed exercises. 


Analysis of Clinical Flexibility 
and Therapeutic Exercise 
of the Trunk and Lower Extremity 


The next several pages present Active Isolated Siretch- 
ing movements that can be used in a clinical setting 
to increase range of motion in specific muscles. After 
each section on stretches, a section on strengthening 
techniques is presented for the same muscle group 
that was lengthened (antagonists) so that the stu- 
dent can better understand functional anatomy. See 
the table after each resistance exercise to better un- 
derstand agonist, joint, and muscle action. For all 
movements, the individual should exhale deeply on 
the work phase and inhale on the relaxation phase. 
Generally, these exercises consist of 10 repetitions 
and 2 to 3 sets. All exercises are performed in slow 
and controlled movements and never in a “swinging” 
motion. 

Since the core is an important elementi in condi- 
tioning, the exercises below begin with stretching 
and strengthening of the abdominals and low 
back. 


FLEXIBILITY ANALYSIS—TRUNK 
HYPEREXTENSION 


Stretching the Rectus Abdominis and Internal and 
External Obliques 


Stretching the rectus abdominis and obliques, or the 
core of the body, has many benefits. The abdominals 
often become shortened from overuse as core mus- 
cles. They also have the enormous responsibility of 
supporting the body internally as well as externally. 
Hyperextension of the spine should be performed on 
a daily basis to help “open” the anterior core of the 
body. Start prone on a table or floor, with the palms 
down, as shown in figure 21.1. Individuals with low- 
back issues may benefit from a pad under the pelvis. 
Begin the movement by retracting the scapula as the 
torso lifts up from the table. Exhale on the Lift, fol- 
lowing the eyes upward, for a gentle 2-second stretch 
(figure 21.2). Return and repeat. The arms help hy- 
perextend the spine much like a yoga movement. 
Performing this exercise with arms at sides has the 
added benefit of strengthening the antigravity mus- 
cles of the upper back. The antigravity muscles of 
the upper back perform the lifting movement. Con- 
traindications: This stretch is safe with controlled 
movement. 


FIGURE 21.1  Trunk hyperextension, start 


FIGURE 21.2  Trunk hyperextension, end 


STRENGTHENING ANALYSIS— 
REVERSE-CRUNCH FLEXION 


Strengthening the Rectus Abdominis and External 
and Internal Obliques 


This exercise targets the lower abdominals and 
the internal and external obliques. While regular 
crunches (sit-ups) work the rectus abdominis, this 
reverse crunch is a way to isolate more fibers of the 
rectus abdominis and get the obliques involved. 
Because the trunk is flexed lifting the knees and not 
the torso, the abdominals are forced to work dynam- 
ically, especially on the eccentric (down) phase of 
this movemeni. Start in a supine position on a bench 
or table, with the knees bent (figure 21.3). Clasp the 
end of the table with the hands. Tilt the pelvis pos- 
teriorly, flattening the low back against the table. 
Maintain a 90-degree angle in the knees and between 
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FIGURE 21.3 Reverse trunk flexion, start 


FIGURE 21.4 Reverse trunk flexion, end 


the trunk and the thigh throughout this move- 
ment. While contracting the lower abdominals and 
exhaling, lift the pelvis and lower back off the table 
one vertebra at a time. Continue the movement until 
the shoulder blades touch the table level. For the re- 
turn movement, inhale and slowly return to the start 
position, letting each vertebra slowly touch the table 
(figure 21.4). This eccentric part of the exercise is the 
most important and the most difficult; the movement 
should always be slow and controlled, maintaining 
the 90-degree angle. Contraindications: This exercise 
is safe with controlled movement; abdominals may 
become sore in persons who are not accustomed to 
this exercise. Individuals with herniated disks in the 
lumbar spine should use caution when performing 
this exercise. 

This movement may take practice. The arms should 
stabilize the upper body and not assist in the move- 
ment. See table 21.1 for the muscle actions. 


FLEXIBILITY ANALYSIS—BENT-KNEE 
TRUNK FLEXION 


Stretching the Erector Spinae and Sacrospinalis 


Flexing the legs during this exercise helps better 
isolate the low-back musculature; moreover, less 
pressure is applied to the lumbar disks from the 
hamstrings. Care should be taken in less flexible in- 
dividuals or those with a history of disk problems. 
While these individuals can certainly perform this 
movement, there may need to be adjustmenis to 
the level of stretch applied. This movement can be 
performed while seated in a chair, which is safer for 
individuals who are inflexible or have pain. Begin 
seated uprighi on a table (figure 21.5) or seated in a 
chair. With the knees flexed about 10 degrees, tuck 
the chin on the exhale, contract the abdominals, and 
curl the body into flexion. Use the arms to assist at 
the end movement (figure 21.6). Return to the start 


TABLE 21.1  Reverse-Crunch Flexion Muscle Actions 


Lifting Phase 


Lowering Phase 


Joint Action (concentric)  Agonists 


Action (eccentric) Agonists 


Hip Flexion Iliopsoas, rectus 
femoris, pectineus 


Trunk Flexion Rectus abdominis 
(pelvic îilt), internal 
and external obliques 


Extension Iliopsoas, rectus femo- 
ris, pectineus 


Extension Rectus abdominis 
(pelvic tilt), internal 
and external obliques 
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Bent-knee trunk flexion, start 


Bent-knee trunk flexion, end 


position, and repeat. Take care not to bounce or 
move too quickly during the movement. There are 
many variations of this movement to achieve differ- 
ent goals. One variation, for example, is to keep the 
shoulders back while leaning forward, leading with 
the chest. Contraindications: This exercise is safe 
with controlled movement. It should never be per- 
formed with extended legs. 


STRENGTHENING ANALY SIS— 
TRUNK STABILIZATION 


Strengthening the Erector Spinae, Multifidus, 
Quadratus Lumborum, Gluteus Maximus, Proximal 
Biceps Femoris, Semimembranosus, and 
Semitendinosus 


This exercise is a good way to bilaterally develop the 
upper shoulder muscles and the lower spinal and hip 
musculature. Because the movement occurs on opposite 
sides of the spinal column, stability of the trunk is en- 
couraged through the resistance. Start in the prone 


Trunk stabilization, start 


position, face-down, with one arm extended out in 
front, thumbs up (figure 21.7). Extend the opposite-side 
leg, with the foot dorsiflexed throughout the movement. 
Begin lifting the extended arm up while also lifting the 
opposite extended leg into extension (figure 21.8). Per- 
form 8 to 10 repetitions, and return to the start position 
each time. Weight can be added to this movement as 
strength improves: Hold a dumbbell in the hand, and 
attach a weight to the ankle. Contraindications: This ex- 
ercise is safe with controlled movement. 
See table 21.2 for the muscle actions. 


FLEXIBILITY ANALYSIS—STRAIGHI-LEG 
HAMSTRING STRETCH 


Stretching the Proximal Biceps Femoris, 
Semitendinosus, and Semimembranosus 


The importance of hamstring flexibility in sports 
and daily movement cannot be overstated. While 
the opposite muscle group, the quadriceps, is often 
shortened, a limited-flexibility hamstring group, 


Trunk stabilization, end 
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TABLE 21.2  Trunk Stabilization Muscle Actions 


Lifting Phase 


Loweriny Phase 


Joint Action (concentric)  Agonisis Action (eccentric)  Agonisis 

Hip Extension Biceps femoris, Extension (return Biceps femoris, 
semimembranosus, to neutral position)  semimembranosus, 
semitendinosus, semitendinosus 
gluteus maximus gluteus maximus 

Trunk Extension Quadratus lumbo- Extension (return Quadratus lumbo- 
rum, erector spinae, to neutral position)  rum, erector spinae, 
splenius splenius 

Shoulder Flexion Anterior deltoid, Extension Anterior deltoid, 
biceps brachii, biceps brachii, 
pectoralis major pectoralis major 
(clavicular head), (clavicular head), 
coracobrachialis coracobrachialis 

Shoulder girdle  Adduction Trapezius, rhomboids  Abduction Trapezius, 

rhomboids 


especially the biceps femoris, places extreme force 
on the lower back and hips. A solid treatment al- 
ways includes treating both anterior and poste- 
rior muscle groups (see the quadriceps stretch on 
page 462). Individuals with chronic disk problems 
can perform this movement as long as caution is 
used with the range of motion. Individuals with disk 
problems are advised to start with small movements 
and then slowly increase the range of motion and 
amount of stretch. From a supine position, wrap 
an 8-foot-long rope around the foot of the involved 
leg. Flex the opposite leg (figure 21.9), and lock the 
involved leg throughout the movement. Contracting 
the quadriceps, lift the leg into flexion and apply a 


FIGURE 21.9  Straight-leg hamstring stretch, start 


gentle 2-second stretch at the end movement using 
the rope (figure 21.10). The rope does not do the 
work; the proximal quadriceps and psoas contract to 
lift the thigh into flexion. Extend the knee into the 
stretch; the end point should be measured by the 
feel of the stretch on the proximal hamstring. Con- 
traindications: This stretch is safe with controlled 
movement. 

The uninvolved leg should remain relaxed through- 
out the movement to protect the lower back. 


FIGURE 21.10  Straight-leg hamstring stretch, end 
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Straight-leg hip hyperextension, start 


STRENGTHENING ANALY SIS— 
STRAIGHT-LEG HIP HYPEREXTENSION 


Strengthening the Proximal Hamstrings 
and Gluteus Maximus 


This exercise strengthens the proximal hamstring 
group and the gluteus maximus. While it is com- 
mon to strengthen the belly of the hamstring group, 
the proximal part is often ignored, especially in in- 
dividuals with low-back and hip dysfunctions. This 
area should be strong to support the lower back and 
to help improve gait. Strengthening this area is also 
helpful for sciatic issues. It is best to perform this 
exercise over a therapy table (pictured) or bench. 
Using ankle weights of 5 to 10 pounds (less if pain 


Straight-leg hip hyperextension, end 


and weakness are present), bend over the edge of the 
table and reach forward with the arms to clasp the 
front of the table (figure 21.11). The pelvis and upper 
body remain relaxed and supported on the table, with 
no movement in the upper torso. Extend the involved 
leg out with the knee locked while slightly flexing the 
other leg for support. Contracting the hamstrings and 
gluteus maximus, lift the leg up into extension just 
level with the body; then return to the start position. 
The involved-side pelvis stays on the table as much 
as possible, and no weight is placed on the support 
leg (figure 21.12). Contraindications: This exercise is 
safe with controlled movement. The return position is 
always slow and controlled. 
See table 21.3 for the muscle actions. 


Straight-Leg Hip Hyperextension Muscle Actions 


Lifting Phase 


Lowering Phase 


Joint Action (concentric)  Agonists 


Action (eccentric) Agonists 


Hip Hyperextension Biceps femoris, 
semimembranosus, 
semitendinosus, 
gluteus maximus 

Trunk Extension Quadratus lumbo- 
rum, erector spinae, 
splenius 


Flexion Biceps femoris, 
semimembranosus, 
semitendinosus, gluteus 
maximus 


Extension (return to Quadratus lumborum, 
neutral position) splenius 
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FLEXIBILITY ANALYSIS—QUADRICEPS 
STRETCH 


Stretching the Rectus Femoris, Vastus Lateralis, 
Vastus Medialis, and Vastus Intermedius 


The rectus femoris is a powerful thigh muscle that 
has a direct relationship to the knee and patella. 
When it is shortened, extreme vector forces produce 
torque on the patella and can cause dysfunctions such 
as chondromalacia or patellar tendonitis. Because it 
also contributes to hip flexion, the rectus femoris can 
help skew the pelvis and make gait dysfunctional. 
This stretch helps lengthen the belly of this muscle 
and can help correct Osgood-Schlatier disease (in- 
flammation of the growth plate at the tibial tuberos- 
ity) and patellar tendonitis in young athletes. This 
stretch is performed in the side-lying position in- 
stead of standing; thus the muscle is better stretched 
and isolated because it is relaxed. Bring the unin- 
volved leg into flexion by “hugging” the thigh to the 
chest (figure 21.13). This helps isolate the involved 
hip. Contract the abdominals throughout this move- 
ment to prevent hip rotation, with the involved leg 
in adduction (hip lined up with the shoulders). Con- 
tracting the gluteus maximus, extend the leg back 
while using the hand to stretch at the end move- 
ment (figure 21.14). Return the hip into flexion each 
time. Individuals who have difficulty reaching the 
ankle can try using a rope wrapped around the foot. 
For arthritis and disk issues, the abdominals must 
stay conitracted to protect and stabilize the spine. 
Contraindications: This stretch is safe with con- 
trolled movement. It is safe for individuals with ar- 
thritis, but the movements must be adjusted to the 
condition. The “pumping” motion of this streteh— 
that is, flexion and extension of the knee—is most 
beneficial for getting blood and oxygen to the knee 
capsule. 


Stretching of the quadriceps, start 


Stretching of the quadriceps, end 


STRENGTHENING ANALY SIS— 
PHYSIO-BALL WALL SQUATS 


Strengthening the Quadriceps, Gluteus 
Maximus, Tensor Fasciae Latae, Hamstrings, 
and Sartorius 


This exercise targets many of the hip and knee mus- 
cles. It is safe because it utilizes a physio ball for 
support. Standing with the back to the wall, place 
a midsize physio ball between the lumbar spine 
and the wall (figure 21.15). The body should be at a 
slight angle from the wall. Keeping pressure against 
the ball, slowly lower the hips, letting the ball roll 


Physio-ball squats, start 
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TABLE 21.4  Physio-Ball Wall Squat Muscle Actions 


Lowering Phase (squat) Raisiny Phase 
Joint Action (eccentric) Agonists Action (concentric)  Agonists 
Hip Flexion Psoas, quadriceps, Extension Quadriceps, gluteals, 
adductors, sartorius tensor fasciae latae, 


sartorius, biceps femo- 
ris, semimembranosus, 
semitendinosus 


Knee Flexion Quadriceps, adductors Extension Quadriceps 


up the back. After about 50 to 60 degrees of squat, 
return to the start position, letting the ball roll down 
the back and sacrum (figure 21.16). Before begin- 
ning the exercise, contract the abdominals. The head 
and spine remain in the neutral position throughout 
the movement. During the movement, contract the 
adductors to help support the knees and hips. Con- 
traindications: This exercise is safe with controlled 
movement. 
See table 21.4 for the muscle actions. 


FIGURE 21.16  Physio-ball squats, end 


Introduction passive movement caused by other contracting mus- 
v The lower extremities allow the body to propel itself cles, momentum, gravity, or external forces such as 
against gravity, participate in sports requiring skill and manual assisiance and exercise machines. 


E gi su sal el Je e AI pa ta Analysis of Clinical Flexibility and Therapeutic Exercise 


ergistically to produce smooth, powerful movement. of the Trunk and Lower Extremity 
When this movement is compromised by shortened v Active Isolated Sireiching movements can be used in 


and weak muscle tissue, pain usually results, thereby a clinical setting to increase range of motion in specific 
setting off a snowball of mechanical disadvantages. muscles. 
The lower extremities have a vital connection to the v Stretching the rectus abdominis and obliques, or the 
upper extremities. core of the body, has many benefits. The abdominals 
E often become shortened from overuse as core mus- 
Muscle Contraction cles. 


vw The type of contraction of a muscle is determined by 
whether the muscle is lengthening or shortening dur- 
ing the movement. However, muscles may shorten 
or lengthen in the absence of a contraction through 


v Trunk stabilization is a good way to bilaterally develop 
the upper shoulder muscles and the lower spinal and 
hip musculature. 
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True or False 


Write true or false after each statement. 
1. The eccentric contraction in resistance exercises 
challenges muscle fibers to grow. 


2. The lower extremities have a vital connection to 
the upper extremities. 


3. The rectus femoris has no involvement in 
chondromalacia. 

4. Traditional kinesiology has become popular in 
athletic training and physical therapy programs. 

5. The rectus abdominis has no role in the back- 
hand tennis swing. 


6. The weakest part of the biceps femoris in many 
athletes is the proximal end. 


7. One benefit of performing trunk hyperextension 
is that it stretches the abdominals. 


8. Strength, endurance, and lower-extremity muscle 
flexibility will not help improve movement. 


9. A concentric contraction is a shortening 
contraction of the muscles against gravity or 
resistance. 


10. An individual with sciatic pain will benefit from 
daily stretching. 


Short Answers 


Write your answers on the lines provided. 


1. What is considered the core of the body? 


2. What is Osgood-Schlatiter disease? 


3. What is the benefit of stretching the quadriceps 
in a side-lying position? 


4. What other part of the abdominals does the re- 


verse crunch work? 


. What is sarcopenia? 


. In a clinical setting, is it considered safe to hold 


a muscle longer than 2 seconds if the client has 
lumbar disk herniations? 


„ What are the agonists in the straight-leg ham- 


string stretch? 


. If an athlete has a hamstring injury that makes 


him limp, over time will this affect his neck or 
shoulders? 


. What kind of muscle contraction occurs in the 


rectus femoris during the lowering phase of a 
wall squat? 


chapter 21  Muscular Analysis of the Trunk and Lower-Extremity Exercises 465 


10. What is one benefit of specific flexibility for 5. Active Isolated Stretching utilizes: 
someone with gait issues? a. breathing 
b. 2-second holds 
c. bothaandb 
d. passive movements 
6. A teen basketball player has pain below her 
patella. An assessment shows limited ROM in 
flexion. Most likely she has: 
Multiple Choice a. chondromalacia 
Circle the correct answers. Îi A 
1. Reverse sit-ups challenge: c. patellar tendonitis 
a. erector spinae d. Bakers cyst 
b. quadratus lumborum 7. Lengthening the hamstring group through 
c. lower abdominals and obliques specific stretching can: 
d. none of the above a. relieve low-back dysfunction 
2. When movement in the lower extremity is b. help knee tracking 
compromised, this will affect: c. improve tensor fasciae latae contraction 
a. toe-offon one leg only d. help genu varum 
b. the anterior cruciate ligament 8. An individual undergoing physical therapy for a 
c. patellar tracking lumbar herniation should: 
d. the upper extremities a. never stretch 
b. the level of stretch full 
3. In a fitness program, one of the most ignored ot sat Ade a ate ca i e d ş 
muscular areas to strengthen is: c. perform genile 2-second stretches with the 
E opposite leg bent 
Ş poe d. bothbande 
.. proximal hamstrin 
R ; a 9. The core of the body has what function? 
c. abdominals 
d. erector spinae a. provides balance and support 
| | b. makes one feel dizzy during a workout 
4A professional jennis player who does not c. prevents the body from becoming injured 
perform specific flexibility and resistance work pei albii 
during the season: i sy 
10. Loss of skeletal muscle tissue is called: 


a. hasa high chance ofinjury 


b. has developed enough through constant 
tennis movements 


has weak lateral movements 


&: 
d. has weak external rotation of the hips 


Tg 


a. atrophic osmosis 
b. sarcopenia 

c.  wastings disease 
d. hypertrophy 


1. A patient has poor posture, with an observed 3. During trunk hyperextension, which agonists act 
kyphotic curve and protracted head. What exer- on the shoulder girdle? 
cises should be prescribed to help this person? 
J 5 i, 4. Perform the straight-leg hamstring stretch 


with a rope. Then try it while first tilting the 
pelvis posteriorly, flattening the low back 


2. A patient complains of low-back pain but has no 
active herniations. What exercises will help this 
person? 
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against the floor. Describe how this changes 
the stretch to the hamstrings. 


„ If an individual strengthens his abdominals at 
the gym, what other exercise should he do to 
ensure that balance to the core is maintained? 


„ After observing a person's gait, describe how 
this observation could help in exercise 
prescription. 


10. 


. Explain why it is beneficial to stretch muscles 


before resistance training. 


. Describe how stretching the rectus femoris 


will help an individual with Osgood-Schlatter 
disease. 


. What are two functions of the psoas muscle? 


Define traditional kinesiology. 
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Appendix B 


Downeast School of Massage 
Head, Neck, Shoulder Pain History Questionnaire 


Name 
Address 
Date DOB 


Occupation 


Repetitive Actions 


1. Chief Complaint(s) (circle all that apply) 
Headache Neck Pain Shoulder/Arm Pain 
Other (describe) 


2. Circle where you have the worst pain 
Head Neck Shoulder/Arm 


3. Rate your overall problem 
Getting Better Getting Worse Staying the Same 


4. How did your pain begin? Describe in detail the event. 
Auto Accident 
Other Trauma 
Unknown 


Other cause (describe) (environmental, hormonal, menstrual, menopausal, 


genetic, atmospheric, stress, etc.) 


5. When did your pain begin? 


Date 
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6. Where do you have pain? Mark the chart with appropriate symbols. 


Throbbing TTTT Burning BBB Stabbing SSS Ache AAA 


Does your pain stay in one place or refer or radiate to someplace else? Explain. 


7. Have you been to a physician, chiropractor, osteopath, health care provider? 
What was your diagnosis if any? (Cervical strain, herniated disk, shoulder 


problem, hormones, other) 


Diagnosis: 


No Diagnosis: 


8. What makes your pain better? 


9. What makes your pain worse? 


10. Is your pain worse on the left? Right? Both? 


11. 


12. 


13, 


14. 


15, 
16. 


17. 


18. 


19. Are you incapacitated during your headache? 
20. 


21. 
22. 
22. 


Appendix B Downeast School of Massage 


On a scale of one to ten, how severe is your pain? 


0 1 2 3 4 5 6 7 8 9 10 


No pain Worst possible pain 
Does your head throb or pound? Yes No 

Do you feel a headache “coming on” or experience an “aura” (warning signs)? 
Yes No 


Do you have any other symptoms accompanying your headache? (Numbness, 
tingling, dizziness, visual or hearing problems, nausea, vomiting, diarrhea,. 


seizures, etc.) List all that apply. 


How often do you have a headache? Daily, A week, A month 


How long does it last? Hours, days? Does it reoccur in a pattern? 


Does it coincide with special circumstances or at any special time? (in sunlight, 


fluorescent lights, at end of day, at night, before or after food, etc.? 


Do you have more than one type of headaches? 


Do you have a family history of headaches? Please list all. 


How much water do you drink in a day? 


Do you keep a headache log or diary? 


List all medications, vitamins, homeopathic remedies, etc. used for neck pain/ 


headaches: 


Over-the-counter: 


Prescribed: 
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List all previous treatment you have received. Include Physician, Physical Therapy, 
Chiropractic, Massage Therapy, Acupuncture, Osteopathic. Biofeedback, Surgeries, 
etc. List length of treatment, where you received it, and if it helped or not. 


List all medical diagnostic tests: X-rays, CT Scan, MRI Scan, Myelogram, Nerve 
Conduction Test, other. Include Date and Where taken. 


This questionnaire should accompany a complete medical history. It is not meant to 
replace the medical history. 


Glossary 


A 


Abduction A lateral movement away from the midline of 
the trunk in the frontal plane. An example is raising the 
arms or legs to the side horizontally. 


Abductor pollicis longus A muscle in the forearm that ab- 
ducts the thumb. 


Acceleration The rate of change in velocity. To attain 
speed in moving the body, a strong muscular force is gener- 
ally necessary. 


Acetabular femoral joint The multiaxial enarthrodial-type 
(ball-and-socket) hip joint. 


Acetabulum The cup-shaped socket of the pelvic girdle 
that houses the head of the femur. 


Achilles tendon The tendon that inserts at the calcaneus 
or heel and is the attachment for both the gastrocnemius 
and the soleus. 


Acromioclavicular (AC) joint The joint located where the 
clavicle and acromion of the scapula meet and attach. 


Action The specific movement of a joint that results from 
a concentric contraction of a muscle that crosses the joint. 


Active Isolated Stretching (AIS) A method of stretching 
that involves the use of the bodys natural movements (flex- 
ion, extension, rotation, etc.) and physiology to achieve 
greater range of motion. 


Active movement Movement that shortens muscles as it 
contracts and pulls on the engaged bone. 


Acute The inflammatory stage of inflammation. It has all 
the signs and symptoms of inflammation: redness, heat, 
pain, swelling, and loss of function. 


Adduction Movement medially toward the midline of 
the trunk in the frontal plane. Examples are lowering the 
arm to the side or moving the thigh back to the anatomical 
position. 


Adductor brevis A small hip adductor connecting from 
the pubic bone to the femur. 


Adductor longus A hip adductor connecting from the 
pubic bone to the femur. 


Adductor magnus The largest muscle of the hip adduc- 
tors; fills in most of the medial thigh from the pelvis to the 
knee. 


Adhesion A scar that is often painful. 


Adhesive capsulitis A progressive, painful condition that 
starts with limited motion of the shoulder joint and pro- 
gresses to a frozen stage. Small adhesions form in the joint 
capsule, creating an extremely debilitating condition. 


Aggregate muscle action The ability of muscles working 
in groups, rather than independently, to achieve a given 
joint motion. 


Agonists  Muscles that, when contracting concentrically, 
cause joint motion through a specified plane of motion. 
Also known as primary or prime movers and muscles most 
involved. 


All-or-none principle The principle of motion which states 
that the individual muscle fibers within a given motor unit 
will fire and contract either maximally or not at all. 


Amphiarthrodial (cartilaginous) joints  Slighily movable 
joints. 

Amplitude The range of muscle-fiber length between max- 
imal and minimal lengthening. 


Anatomical position A reference position used as a basis 
to describe joint movement. The individual stands in an up- 
right posture, facing straight ahead, with feet parallel and 
close and palms facing forward. 


Anconeus A small muscle on the posterior distal humerus 
and proximal ulna that assists the triceps with extension of 
the forearm. 


Angle of pull The angle between the line of pull of the 
muscle and the bone on which it inserts. 


Angular motion Motion that involves rotation around an 
axis. Also known as rotary motion. 


Antagonists  Muscles that are usually located on the op- 
posite side of the joint from the agonist and have the op- 
posite concentric action. They work in cooperation with 
agonist muscles by relaxing and allowing movement, but 
when contracting concentrically, they perform the joint mo- 
tion opposite that of the agonist. Also known as contralar- 
eral muscles. 


Anterior compartment The anterior compartment of the 
lower leg contains the dorsiflexor group, consisting of the 
tibialis anterior, peroneus tertius, extensor digitorum lon- 
gus, and extensor hallucis longus. 


Anterior cruciate ligament (ACL) A lisament located in- 
side the knee joint. It crosses with the posterior cruciate 
ligament between the tibia and the femur and maintains 
stability in the knee joint. 


Anterior talofibular ligament A lisament located at the dis- 
tal end of the anterior fibula, attaching distally to the talus. 


Aponeurosis A plastic wrap-like flat tissue that serves as 
a tendinous attachment for muscle. The latissimus dorsi 
has a large aponeurosis in its lower-back attachments. 


Arc of pain A pain response during a portion of active or 
passive movement. 
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Arthritis An inflammation of a joint. It is common in the 
aging process. 


Arthrodial joint A type of diarthrodial joint that is char- 
acterized by two flat, or plane, bony surfaces that butt 
against each other. This type of joint permits limited glid- 
ing movement. 


Arthrosis Another term for joint. 


Articulation A joint comprised of two or more bones that 
allows for various types of movement. 


Atlantoaxial joint The pivot joint formed by the atlas and 
the axis. 


Atlantooccipital joint The first joint of the axial skeleton. 
It is formed by the occipital condyles of the skull sitting on 
the articular fossa of the first vertebra, which allows flexion 
and extension. 


Atlas The first cervical vertebra. 


Axial pain A type of pain that can be sharp or dull, con- 
stant or intermittent, and mild or severe and can be con- 
fined to the low back. 


Axis (1) The second cervical vertebra. (2) The point of ro- 
tation about which a lever moves. 


Axis of rotation The movement occurring in a given 
plane. The joint moves or turns around an axis that has a 
90-degree relationship to the plane. 


Back-pocket sciatica A painful condition due to keeping 
a wallet in the back pocket of pants that, over time, applies 
compression to the sciatic nerve as the individual sits on it. 


Balance The ability to control equilibrium, either static 
or dynamic. 


Biarticular A type of muscle that crosses and acts directly 
on two different joints. 


Biceps brachii A two-headed muscle that is located on the 
anterior arm, performs weak flexion for the shoulder joint, 
and flexes the forearm in a supinated position. 


Biceps femoris A hamstring muscle that is located on the 
posterior thigh and inserts on the lateral tibia and fibula. It 
is a two-headed muscle that extends the hip and flexes the 
knee. 


Biomechanics The study of mechanics as it relates to the 
functional and anatomical analysis of biological systems. 


Body mechanics  Ergonomically safe methods and prac- 
tices of executing techniques that can prevent injury, sup- 
port self-care, provide balanced energy, and promote a long 
career in manual therapies. 


Brachial plexus A group of nerves consisting of the 5th 
cervical to 1st thoracic that provide a base for the nerves 
that innervate the upper extremity. 


Brachialis An anterior arm muscle that inserts on the ulna 
and performs only flexion of the forearm. 


Brachioradialis The “neutral-position” muscle that spans 
from the supracondyloid ridge of the humerus to the styloid 


process of the radius. It is used in all neutral-position 
actions. 


Breathing The act of respiration in which air is forced 
into and out of the lungs. 


Bursa A synovial sac of fluid needed to lubricate joints. 


Bursitis A pathologic condition that is an inflammation 
of a bursa. 


C 


Calcaneofibular ligament A lisament located at the very 
distal end at an angle to the calcaneus. 


Calcaneus A tarsal bone that is the heel of the foot. 
Capitate A carpal bone. 


Cardinal planes The specific planes that divide the body 
exactly into two halves. 


Carpal tunnel syndrome A median nerve disorder that 
may be caused by soft-tissue entrapment, repetitive action, 
incorrect mechanics, or bony compression of the median 
nerve. 


Carpals Bones that include the capitate, lunate, hamate, 
trapezium, trapezoid, pisiform, scaphoid, and triquetrum. 


Carpometacarpal (CMC) The joint between the carpals 
and the metacarpals. 


Cartilaginous (amphiarthrodial) joints  Sligshtly movable 
joints. 

Cervical plexus A group of nerves consisting of the first 
four cervical nerves. 


Cervical vertebrae Seven bony structures that surround 
the spinal cord in the neck and are attached to the thoracic 
vertebrae after C7. 


Chondromalacia Wear and tear of the cartilage on the un- 
derside of the patella. 


Chronic The stage of the inflammatory process that has 
leveled-off signs and symptoms. The chronic stage can last 
for months or years. 


Circumduction A circular movement of a limb that de- 
lineates an arc or describes a cone. It is a combination of 
flexion, extension, abduction, and adduction. An example 
occurs when the shoulder joint and the hip joint move in 
a circular fashion around a fixed point, either clockwise or 
counterelockwise. Also known as circumflexion. 


Clavicle One of the two bones of the shoulder girdle. It 
attaches to the trunk via the sternum and to the scapula via 
the acromioclavicular joint. Also known as collarbone. 


Clinical flexibility Flexibility used in a clinical setting and 
usually assisted by a therapist. 


Clinical Flexibility and Therapeutic Exercise (CFTE) A 
modality that consists of stretching and strengthening 
the muscles of the body. It is designed to improve human 
movement and prevent current or past dysfunctions from 
worsening. 


Closed kinetic chain A closed system in which movement 
of one joint in an extremity cannot occur without causing 


predictable movements of the other joints in the extremity; 
occurs when the distal end of the extremity is fixed, as in a 
push-up, dip, squat, or dead lift. 


Collagen The white fibers of connective tissue; consists 
mostly of protein. 


Compartment syndromes Conditions that occur when 
swelling or bleeding presses against the structures in a 
compartment and could prevent blood flow to the foot. 


Compression A deep-tissue technique designed to flatten 
the soft tissue repeatedly with the heel of the palm. 


Concentric contractions  Contractions in which the mus- 
cle develops tension as it shortens. 


Condyloid joint A type of diarthrodial joint in which the 
bones permit movement in two planes without rotation. 


Contracted iliotibial band A condition in which the tract 
or band becomes taut from overuse as the muscles that lead 
into it shorten. 


Contractibility The ability of a muscle to contract and de- 
velop tension or an internal force against resistance when 
stimulated. 


Contraction The action of a muscle being lengthened or 
shortened. In skeletal muscle, this is one of three types: ec- 
centric, concentric, or isometric. 


Contralateral The movement, position, or landmark loca- 
tions on the opposite side. 


Coracobrachialis A muscle named for its attachments 
on the coracoid process of the scapula and the humerus. It 
flexes and horizontally adducts the humerus. 


Core The center of the body where muscles are located 
anterior and posterior to the spine, including the rectus 
abdominis, the external and internal obliques, transversus 
abdominis, psoas major, and quadratus lumborum. 
Crepitus Any grinding, grating, or popping elicited during 
the movement of a joint. 


Cross-fiber friction See Deep transverse friction. 


Cryotherapy The safe use of ice to reduce inflammation 
and acute responses. 


Cuboid A tarsal bone in the foot. 
Cuneiforms Three tarsal bones in the foot. 


D 


Deep-tissue therapy A series of specific techniques de- 
signed to unwind the soft tissue in a particular pattern or 
sequence with the end result of specific goals. 


Deep transverse friction A deep-tissue technique executed 
deliberately at a right angle to the fibers of the soft tissue. 
Also called cross-fiber friction. 


Degenerative disk disease The literal depletion of the 
disk space between the vertebrae. 


Deltoid A multiple superficial lateral muscle that is di- 
vided into three sections: anterior, middle, and posterior. 
The deltoid originates on the clavicle and scapula and in- 
serts on the humerus. It is a major abductor of the humerus 
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and is its own agonist and antagonist, as the anterior and 
posterior deltoid reflect opposite actions. The anterior del- 
toid performs flexion, medial rotation, and horizontal ad- 
duction, whereas the posterior deltoid performs extension, 
lateral rotation, and horizontal abduction. The middle del- 
toid has very strong abduction to 90 degrees. 


Depression  Shoulder girdle inferior movement in the 
frontal plane. An example is returning to the normal posi- 
tion from a shoulder shrug. 


Dermatome A defined area of skin supplied by a specific 
spinal nerve. 


Diagonal plane A combination of more than one plane. 
Also known as oblique plane. 


Diarthrodial joints  Freely movable joints. Also known as 
synovial joints. 


Dimensional massage therapy A philosophical approach 
to using a variety of techniques for the benefit of the cli- 
ent; based on science, structure, and functions of the soft 
tissue. 


Displacement A change in the position or location of an 
object from its original point of reference. 


Distal interphalangeal (DIP) A hinge joint for the distal 
phalanx. 


Distance The actual sum length of measurement traveled. 
Also known as path of movement. 


Dorsiflexion (dorsal flexion) (1) Of the ankle: The flexion 
movement of the ankle that results in the top of the foot 
moving toward the anterior tibia bone in the sagittal plane. 
(2) Of the wrist: An extension movement in the sagittal 
plane with the dorsal or posterior side of the hand moving 
toward the posterior side of the lateral forearm. 


Double-crush syndrome A condition that includes the 
sofi-tissue entrapment of the median nerve by the pectora- 
lis minor and by the pronator teres. 


Dupuytren's contracture Named after a French surgeon, 
a problem that involves the palmar aponeurosis or fascia 
and nodules that develop in the fibrous tissue, causing a 
permanent flexion of mostly the 4th or 5th finger in one or 
both hands. 


E 


Eccentric contractions  Contractions in which the muscle 
lengthens under tension. 


Eccentric force A force that is applied in a direction not 
in line with the center of rotation of an object with a fixed 
axis. 


Elasticity The ability of muscle to return to its original 
resting length following stretching. 


Elbow joint A hinge joint formed by the ulna and humerus. 


Elevation The superior movement of the shoulder girdle in 
the frontal plane. An example is shrugging the shoulders. 


Elliptical movement An alternating clockwise and coun- 
terclockwise distraction movement sometimes done on 
joints such as the shoulder girdle and most often done while 
engaged with muscles. 
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Enarthrodial joint A type of diarthrodial joint that permits 
movement in all planes. 


Erector spinae A group of muscles that extends on each 
side of the spinal column from the sacrum to the occiput. It 
is divided into three muscles: the spinalis, the longissimus, 
and the iliocostalis. 


Eversion An ankle and foot movement that turns the sole 
of the foot outward or laterally in the frontal plane (abduc- 
tion). An example is standing with the weight on the inner 
edge of the foot. 


Extensibility  Theability of muscle to be passively stretched 
beyond its normal resting length. 


Extension A straightening movement that results in an in- 
crease of the angle in a joint by moving bones apart, usually 
in the sagittal plane. An example is the movement in the 
elbow joint when the hand moves away from the shoulder. 


Extension of the spine The return of the spinal column 
in the frontal plane to the anatomical position from lateral 
flexion; adduction of the spine. 


Extensor carpi radialis brevis A hand and wrist muscle 
that extends the wrist. 


Extensor carpi radialis longus A hand and wrist muscle 
that extends the wrist. 


Extensor carpi ulnaris A hand and wrist muscle that ex- 
tends the wrist and performs ulnar flexion. 


Extensor digiti minimi A hand and wrist muscle that ex- 
tends the wrist and performs extension of the little finger. 


Extensor digitorum A hand and wrist muscle that per- 
forms extension of the fingers and wrist. 


Extensor digitorum brevis A large intrinsic muscle on the 
dorsal lateral side of the foot that is often involved in inver- 
sion sprains. 


Extensor digitorum longus An anterior leg muscle that 
extends the toes of the foot. 


Extensor digitorum minimi A hand and wrist muscle that 
performs extension of the little finger. 


Extensor hallucis longus An anterior leg muscle that ex- 
tends the big toe. 


Extensor indicis A hand and wrist muscle that extends 
the index finger. 


Extensor pollicis brevis A hand and wrist muscle that ex- 
tends the thumb. 


Extensor pollicis longus A hand and wrist muscle that 
extends the thumb. 


External oblique A large superficial abdominal muscle 
that surrounds the side of the body and is involved in lum- 
bar movement and organ compression and is an accessory 
respiratory muscle. 


External rotation A rotary movement around the longitu- 
dinal axis of a bone away from the midline of the body; 
occurs in the transverse plane. Also known as rotation later- 
ally, outward rotation, and lateral rotation. 


Extrinsic A term that usually pertains to muscles that 
arise or originate outside (proximal to) the body part on 
which they act. 


F 


Femoral nerve A large nerve in the anterior thigh that in- 
nervates anterior thigh muscles and knee extensors. 


Fibula The lateral bone of the leg. 


Fibular (lateral) collateral ligament (LCL) A ligament lo- 
cated on the lateral side of the knee that connects the femur 
with the fibula. It helps to maintain lateral knee stability. 


Flexibility The end motion of a segment. It can occur by 
active contraction of the agonist (active range of motion) or 
by motion of an external force (passive range of motion). 


Flexion A bending movement that results in a decrease of 
the angle in a joint by bringing bones together, usually in 
the sagittal plane. An example is the movement in the elbow 
joint when the hand is drawn to the shoulder. 


Flexor carpi radialis A hand and wrist muscle that flexes 
the wrist and helps perform radial flexion. 


Flexor carpi ulnaris A hand and wrist muscle that flexes 
the wrist and helps perform ulnar flexion. 


Flexor digitorum longus A deep posterior leg muscle that 
flexes the toes. 


Flexor digitorum profundus A hand and wrist muscle that 
flexes the wrist and fingers and helps with a strong grip. 


Flexor digitorum superficialis A hand and wrist muscle 
that flexes the wrist and fingers and supports a strong grip. 


Flexor hallucis longus A deep posterior leg muscle that 
flexes the big toe. 


Flexor pollicis longus A hand and wrist muscle that flexes 
the thumb. 


Follow-through phase In the movement cycle, the phase 
in which the velocity of the body segment progressively de- 
creases, usually over a wide range of motion. Also known as 
deceleration phase. 


Foot drop A condition that usually involves a weak tibialis 
anterior. The toes might drag as the tibialis anterior cannot 
seem to contract well enough to dorsiflex the foot properly. 


Foraminal stenosis The narrowing of the hole through 
which the spinal nerve exits; due to bone spurs or arthritis. 


Force The product of mass times acceleration. 


Force arm The shortest distance from the axis of rotation 
to the line of action of the force. 


Friction The force that results from the resistance between 
the surfaces of two objects moving against one another. 


Frontal plane The plane that divides the body into front 
and back halves. Also known as lateral or coronal plane. 


Frozen shoulder A condition in which the scapula is un- 
able to move in its regular patterns without pain. The term 
frozen shoulder is often used interchangeably with adhesive 
capsulitis, but frozen shoulder can be caused by other con- 
ditions besides adhesive capsulitis. 


Functional anatomy The functional actions of muscles. 


Functional unit  Muscles cooperating to work in groups 
and in paired opposition. 


G 


Ganglion A cyst that often protrudes on the dorsal side of 
the wrist. 


Gaster The central, fleshy portion (belly or body) of a 
muscle that generally increases in diameter as the muscle 
contracts. It is the contractile portion of the muscle. 


Gastrocnemius A superficial posterior leg muscle. It is a 
two-joint muscle that flexes the knee or plantar flexes the 
foot. 


Gemellus inferior A lateral hip rotator that is located on 
the posterior pelvis. 


Gemellus superior A lateral hip rotator that is located on 
the posterior pelvis. 


Genu valgum A walking pattern marked by a lateral angu- 
lation of the leg in relation to the thigh. The thigh responds 
by being medially rotated, thus putting strain on the hip 
muscles and torque on the medial knee and resulting in 
probable patellar tracking issues and an apparent correc- 
tive foot pattern. Also known as knock-knees. 


Genu varum A walking pattern marked by a medial angu- 
lation of the leg in relation to the thigh. This puts strain on 
the lateral side of the knee and often presents with walking 
on the lateral side of the foot. Also known as bowlegs. 


Gerdy's tubercle A landmark attachment site for the ilio- 
tibial tract. 


Ginglymus joint A type of diarthrodial joint that permits a 
wide range of movement in only one plane. Elbow and knee 
joints are examples. Also known as hinge joint. 


Glenohumeral A multiaxial ball-and-socket joint classi- 
fied as enarthrodial. 


Glenoid labrum A cartilaginous ring that surrounds the 
glenoid fossa just inside its periphery. 


Gluteus maximus The largest posterior buttock muscle; 
performs forceful hip extension. 


Gluteus medius A small posterior buttock muscle that ab- 
ducts the hip. 


Gluteus minimus The smallest posterior buttock muscle; 
works with and is located beneath the gluteus medius. 


Golfer's elbow  Tendonitis of the medial epicondyle area. 
Also known as medial epicondylitis. 


Golgi tendon organs (GTOs) Proprioceptors that are seri- 
ally located in the tendon close to the muscle-tendon junc- 
tion and are continuously sensitive to both muscle tension 
and active contraction. 


Gomphosis A type of synarthrodial joint in which a coni- 
cal peg fits into a socket, as found in teeth sockets. 


Goniometer An instrument used to compare the change 
in joint angles. 

Gracilis A long muscle that spans from the pubic bone to 
the medial tibia and is a hip adductor. 


Greater trochanter A large process that provides attach- 
ments for muscles on the femur. 
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H 


Hamate A carpal bone. 


Hamstrings  Posterior thigh muscles that extend the hip 
and flex the knee. They are the biceps femoris, semitendi- 
nosus, and semimembranosus. 


Headache A diffuse pain in various areas of the head that 
is not confined to the distribution of a nerve. 


Heel-strike A component of the stance phase of running 
or walking that is characterized by landing on the heel with 
the foot in supination and the leg in external rotation. 


Hematoma A bruise. 


Herniated disk A condition in which the gelatinous nu- 
cleus pulposus protrudes into or through the annulus fibro- 
sus. This herniation produces a bulging of the disk tissue 
posteriorly into the vertebral canal and pinches the spinal 
cord and/or nerves of the spinal cord. 


Horizontal abduction Shoulder movement of the hu- 
merus in the horizontal plane away from the midline of 
the body. Also known as horizontal extension and transverse 
abduction. 


Horizontal adduction Shoulder joint movement of the 
humerus in the horizontal plane toward the midline of 
the body. Also known as horizontal flexion and transverse 
adduction. 


Humerus An arm bone superior to the radius and ulna. 
It is a part of the shoulder joint, with the clavicle and 
scapula. 


Hypertonic A condition of muscles in which they exhibit 
symptoms of pain and discomfort after continuous activity 
and may fatigue or have diminished function. 


lliacus A part of the iliopsoas that is located on the inner 
surface of the ilium and performs primary hip flexion. 


lliopsoas A deep core muscle that provides primary hip 
flexion. It consists of three muscles: the iliacus, psoas minor, 
and psoas major. 


lliotibial tract A structure that runs from the hip to the lat- 
eral tibia and provides muscular attachment to the tensor 
fasciae latae and the gluteus maximus. 


llium The upper two-fifths of the pelvic bones. 
Inertia  Resistance to action or change. 


Inferior peroneal retinaculum A tissue bridge that tacks 
down the peroneal tendons inferior to the calcaneofibular 
ligament. 


Infraspinatus A rotator cuff muscle that originates on the 
infraspinous fossa and inserts on the middle facet of the 
greater tubercle. It performs extension, lateral rotation, and 
horizontal abduction. 


Innervation The aspect of the nervous system that is re- 
sponsible for providing a stimulus to muscle fibers within a 
specific muscle or portion of a muscle. 
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Insertion  Structurally, the distal attachment or the part 
that attaches farthest from the midline or center of the 
body. Functionally and historically, the most movable part. 


Internal oblique The abdominal muscle that is layered 
below the external oblique and is involved in lumbar move- 
ment and organ compression and is an accessory respira- 
tory muscle. 


Internal rotation A rotary movement around the longitu- 
dinal axis of a bone toward the midline of the body; occurs 
in the transverse plane. Also known as rotation medially, 
inward rotation, and medial rotation. 


Interspinales  Extensor muscles that connect from the 
spinous process of one vertebra to the spinous process of 
the adjacent vertebra. 


Intertransversarii  Muscles that flex the vertebral column 
laterally by connecting to the transverse processes of adja- 
cent vertebrae. 


Intervertebral disks The structures between the vertebrae 
that provide cushioning and shock absorption. 


Intrinsic  Pertaining to muscles within or belonging solely 
to the body part on which they act. The small intrinsic mus- 
cles found entirely within the hand are examples. 


Inversion An ankle and foot movement that turns the sole 
of the foot inward or medially in the frontal plane; adduc- 
tion. An example is standing with the weight on the outer 
edge of the foot. 


Inversion sprain A sprain that forces the foot into an un- 
natural inverted position, putting too much strain on the 
lisaments of the foot. Injury includes torn ligament(s), 
swelling, torn tissue, and bleeding into the surrounding 
area. 


Ipsilateral  Pertaining to a movement, position, or land- 
mark location that is on the same side as a reference point. 


Ischemic compression Technique for relieving a trigger 
point by either digital pressure or pincer palpation by plac- 
ing the tissue between the thumb and the forefinger. The 
purpose of the digital pressure is to try to interrupt the pain 
pattern by robbing the tissue of oxygen for a short period of 
time. Also known as trigger point release. 


Ischial tuberosity A bony prominence that serves as an at- 
tachment for the hamstrings. It is located posteroinferiorly 
on the ischium. 


Ischium The posterior and lower two-fifths of the pelvic 
bones. 


Isokinetics A type of dynamic exercise, usually using 
concentric and/or eccentric muscle contractions, in which 
the speed (or velocity) of movement is constant and mus- 
cular contraction (ideally, maximum contraction) occurs 
throughout the movement. 


Isometric contraction A contraction that occurs when 
tension is developed within the muscle but the joint angle 
remains constant; may be thought of as a static contrac- 
tion, because a significant amount of tension may be devel- 
oped in the muscle to maintain the joint angle in a relatively 
static or stable position, without an actual shortening of 
muscle fibers. 


Isotonic contraction A contraction in which the muscle 
develops tension to either cause or control joint movement; 
may be thought of as a dynamic contraction, because the 
varying degrees of tension in the muscle are causing the 
joint angle to change. 


J 


Joint capsule A sleevelike covering of lisamentous tissue 
that surrounds the bony ends forming the joints. 


Jostling A deep-tissue technique that is a form of vibra- 
tion and is designed to shake tissues back and forth. 


K 


Kinematics A component of biomechanics that is con- 
cerned with the description of motion and includes con- 
sideration of time, displacement, velocity, acceleration, and 
space factors of a system's motion. 


Kinesiology The science of muscle movement. 


Kinesthesis The conscious awareness of the bodys posi- 
tion and movement in space. 


Kinetic chain The bony segments and their linkage sys- 
tem of joints in the body. 


Kinetics A component of biomechanics that is concerned 
with the forces associated with the motion of a body. 


Knee replacement The replacement of an injured or 
worn-out hinge joint with a prosthesis. 


Kyphosis An anterior concavity of the normal thoracic 
curve. 


L 


Laminectomy A surgery in which the posterior arch and 
spinous processes of the midline of the vertebrae are re- 
moved, giving the spinal cord room. 


Lateral collateral ligament See Fibular collateral ligament. 


Lateral compartment A lateral part of the leg where ever- 
tors of the foot and ankle are found containing the peroneus 
longus and the peroneus brevis. 


Lateral epicondylitis  Tendonitis of the lateral epicondyle 
area. Commonly known as tennis elbow. 


Lateral femoral condyle See Medial and lateral femoral 
condyles. 


Lateral flexion The movement of the head and/or trunk in 
the frontal plane laterally away from the midline; abduc- 
tion of the spine. Also known as side bending. 


Lateral longitudinal arch The arch located on the lateral 
side of the foot and extending from the calcaneus to the 
cuboid and distal ends of the 4th and 5th metatarsals. 


Lateral meniscus The lateral semilunar cartilage that acts 
as a cushion inside the knee, preventing friction and pro- 
viding shock absorption. 


Latissimus dorsi A shoulder joint muscle that spans 
superficially over most of the posterior trunk and inserts 
on the bicipital groove of the humerus. Its functions are 


adduction and extension, medial rotation, and horizontal 
abduction of the humerus. 


Law of acceleration (Newton's law) The principle which 
states that (1) a change in the acceleration of a body occurs 
in the same direction as the force that caused it and (2) the 
change in acceleration is directly proportional to the force 
causing it and inversely proportional to the mass of the body. 


Law ofinertia One of Newton's laws, which states that (1) a 
body in motion tends to remain in motion at the same speed 
in a straight line unless acted on by a force and (2) a body at 
rest tends to remain at rest unless acted on by a force. 


Law of reaction One of Newtons laws, which states that 
for every action there is an opposite and equal reaction. 


Lesser trochanter A smaller process that serves as a bony 
landmark for the iliopsoas. 


Levator scapulae A shoulder girdle muscle that lifts the 
scapula. It lies underneath the trapezius and spans from the 
cervical vertebrae to the superior angle of the scapula. 


Line of pull The line of action for a contracting muscle. 


Linea alba A structure that runs vertically from the xi- 
phoid process through the umbilicus to the pubis. It divides 
each rectus abdominis and serves as its medial border. 


Linea aspera The line on the posterior femur that pro- 
vides attachment sites for many muscles, including the ad- 
ductors, quadriceps, and short head of the biceps femoris. 


Linea semilunaris A crescent, or moon-shaped, line that 
runs vertically and lateral to each rectus abdominis. This 
line represents the aponeurosis connecting the lateral bor- 
der of the rectus abdominis and the medial border of the 
external and internal abdominal obliques. 


Linear motion Motion along a line. Also known as transla- 
tory motion. 


Lordosis An increased posterior concavity of the lumbar 
and cervical curves. 


Lumbar kyphosis A reduction of the lumbar spine's nor- 
mal lordotic curve, resulting in a flat-back appearance. 


Lumbar vertebrae The five bony structures that surround 
the spinal cord in the lower back and are attached superi- 
orly to the thoracic vertebrae and inferiorly to the sacrum. 


Lumbosacral plexus A group of nerves from the lumbar 
and sacral plexuses. The femoral nerve is a major nerve 
stemming from the lumbar plexus. 


Lunate A carpal bone. 


Malleoli  Bony protrusions at the distal end of the fibula 
and tibia. 


Manubrium The body of the sternum. 


Mass The amount of matter in a body; affects the speed 
and acceleration in physical movements. 


Mechanical advantage A principle which states that ma- 
chines enable us to apply a relatively small force, or effort, 
to move a much greater resistance. It is determined by di- 
viding the load by the effort. 
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Medial collateral ligament (MCL) A ligament located on 
the medial side of the knee joint; maintains medial stability 
by resisting valgus forces or by preventing the knee joint 
from being abducted. 


Medial epicondylitis Tendonitis, or “golfer's elbow,” of the 
medial epicondyle area. 


Medial and lateral femoral condyles  Bony prominences 
on the distal end of the femur that articulate with the tibia 
and provide attachment sites for muscles. 


Medial longitudinal arch The arch located on the medial 
side of the foot and extending from the calcaneus bone to 
the talus, the navicular, the three cuneiforms, and the distal 
ends of the three medial metatarsals. 


Medial meniscus The medial semilunar cartilage that 
acts as a cushion inside the knee, preventing friction and 
providing shock absorption. 


Medial tibial condyle The bony process that provides an 
area of attachment for the semimembranosus. 


Median nerve The nerve that spans from the brachial 
plexus and can be compromised in the carpal tunnel and 
by other soft tissue; provides sensation to the hand and the 
first three fingers. 


Median nerve disorders The pathologic conditions of car- 
pal tunnel syndrome, pronator teres syndrome, and double- 
crush syndrome; may be caused by soft-tissue entrapment 
of the median nerve as well as repetitive action. 


Meralgia paresthetica Pain in the anterior thigh; can be 
attributed to branches of the femoral nerve being compro- 
mised at some location, often from soft tissue. 


Metacarpophalangeal (MCP) The condyloid joint between 
the metacarpal and the phalange; allows action in flexion, 
extension, abduction, and adduction. Commonly known as 
knuckle. 


Metatarsals The five bones connected to the phalanges of 
the toes and to the tarsals of the foot. 


Metatarsophalangeal (MP) joint The joint between the 
metatarsal and the phalange. 


Midstance The stance phase of running or walking that 
occurs during pronation and internal rotation of the foot 
and leg, respectively. 


Morton's foot structure The structure in which the second 
toe is an entire knuckle longer than the great toe. 


Movement phase In the movement cycle, the phase that 
is the action part of the skill. Also known as acceleration, 
action, motion, or contact phase. 


Multiarticular  Pertaining to muscles that act on three or 
more joints because the line of pull between their origin 
and insertion crosses multiple joints. 


Muscle spindles  Proprioceptors that are concentrated 
primarily in the muscle belly between the fibers and are 
sensitive to stretch and rate of stretch. 


Musculocutaneous nerve The nerve that spans from the 
brachial plexus and innervates the biceps brachii and bra- 
chialis muscles. 
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Myofascial pain Pain that is associated with soft tissue, 
may or may not hurt at the location of the trigger point, and 
is not linked with the distribution of a nerve. 


Myofascial stretches A series of techniques designed to 
stretch and warm up the tissues. 


Myotatic reflex arc See Stretch reflex. 


Myotome A muscle or group of muscles supplied by a spe- 
cific spinal nerve. 


N 


Navicular A tarsal bone in the foot. 


Nerve compression A nerve impingement caused by ab- 
normal bony growth. 


Nerve entrapment A nerve impingement caused by pres- 
sure from soft-tissue structures. 


Nerve impingement The compression or entrapment of 
a nerve, caused by hard tissue (bone) or soft tissue. Com- 
monly known as pinched nerve. 


Neurons  Nerve cells that are the basic functional units of 
the nervous system, responsible for generating and trans- 
mitting impulses. 


Neutralizers  Muscles that counteract or neutralize the ac- 
tion of other muscles to prevent undesirable movements 
such as inappropriate muscle substitutions. They contract 
to resist specific actions of other muscles. Also known as 
neutralizing muscles. 


9) 


Ober's test An orthopedic test for a contracted iliotibial 
tract. 


Obturator externus A lateral hip rotator that is located on 
the posterior pelvis. 


Obturator internus A lateral hip rotator that is located on 
the posterior pelvis. 


Obturator nerve A major nerve stemming from the lum- 
bar plexus. 


Occipital nerve entrapment A condition in which the soft 
tissue of the trapezius and semispinalis capitis entraps the 
occipital nerve, causing numbness, pain, and tingling in the 
back of the head. 


Occipitofrontalis A scalp muscle that is a combination of 
the occipitalis and frontalis muscles. 


Open kinetic chain An open system in which one joint in 
an extremity can move or function separately without ne- 
cessitating movement of other joints in the extremity; oc- 
curs when the distal end of the extremity is not fixed to any 
surface. 


Opposition of the thumb A diagonal movement of the 
thumb across the palmar surface of the hand to make con- 
tact with the fingers. 


Origin (1) From a structural perspective, the proximal at- 
tachment of a muscle or the part that attaches closest to the 
midline or center of the body. (2) From a functional and 


historical perspective, the least movable part or attachment 
of the muscle. 


Osgood-Schlatter disease A dysfunction with the growth 
plate of the tibia that causes pain in the superior anterior 
tibial region, probable tracking issues, and tendonitis of the 
patella. 


Osteoarihritis A pathologic condition causing abnormal 
bony growth. 


Overload principle A basic physiologic principle of ex- 
ercise which states that within appropriate parameters, a 
muscle or muscle group increases in strength in direct pro- 
portion to the overload placed on it. 


P 


Palmar flexion A wrist flexion movement in the sagittal 
plane with the volar or anterior side of the hand moving 
toward the anterior side of the forearm. 


Palmaris longus A superficial muscle of the forearm that 
assists in flexing the wrist. 


Parallel ithumbs A deep-tissue technique executed by alter- 
nately applying pressure with the thumbs in a rolling-over 
motion. The thumbs face and are parallel to each other, and 
they should be at a right angle to the muscle fibers. 


Passive movement Action that does not shorten the soft 
tissues. 


Patella A sesamoid, or floating, bone that is embedded in 
the tendon on the anterior of the knee joint. 


Patellar tracking A condition that is often the result of un- 
usual gait problems that prevent the patella from normally 
riding over the knee in a superior and inferior direction 
during flexion and extension. Should the knee be torqued 
in a more medial or lateral position, it does not help the 
patella to track over the knee properly in movement, thus 
causing pain in and around the knee. 


Pectineus A deep small hip adductor and hip flexor 
located between the pubic bone and the femur. 


Pectoralis major A shoulder joint muscle that has attach- 
ments on the clavicle, sternum, and costal ribs of the an- 
terior trunk. Because of its fanlike structure coming from 
different directions on the trunk, it performs all shoulder 
joint movements with the exception of lateral rotation and 
horizontal abduction. 


Pectoralis minor A shoulder girdle muscle that is an an- 
terior muscle originating on the ribs and inserting on the 
coracoid process of the scapula. It abducts and depresses 
the scapula and is an accessory respiratory muscle. 


Pelvic bones The ilium, the ischium, and the pubis. 


Periodization The intentional variance in a training pro- 
gram in which the training is set at regular intervals. 


Peroneal nerves  Nerves that come from the sciatic nerve 
and provide sensation to the anterolateral lower leg and 
dorsum of the foot. 


Peroneus brevis A lateral leg muscle that everis the foot. 


Peroneus longus A lateral leg muscle that everts and 
plantar flexes the foot. 


Peroneus tertius An anterior leg muscle that assists in 
dorsiflexion and eversion. 


Pes anserinus A location on the medial proximal tibia 
that provides an area of attachment for the sartorius, graci- 
lis and semitendinosus muscles. 


Phalanges The bones that make up the toes of the feet 
and fingers of the hand. There are 14 phalanges in the fin- 
gers and 14 in the toes. 


Piriformis A lateral hip rotator located on the posterior 
pelvis that can entrap the sciatic nerve. 


Piriformis syndrome The entrapment of the sciatic nerve 
by the piriformis in a prolonged state of external rotation or 
by different structural scenarios of the nerve actually pass- 
ing around or through the piriformis itself. 


Pisiform A carpal bone. 
Pivot joint See Trochoid joint. 


Plane of motion An imaginary two-dimensional surface 
through which a limb or body segment is moved. 


Plantar fasciitis An inflammation of the plantar fascia 
with possible microtears. 


Plantar flexion The extension movement of the ankle that 
results in the foot and/or toes moving away from the body 
in the sagittal plane. 


Plantaris The biarticulate muscle that is located posterior 
to the knee. It flexes the knee and minimally contributes to 
plantar flexion. It is absent in some humans. 


Plica A synovial fold of tissue. 


PNF stretching See Proprioceptive neuromuscular fa- 
cilitation stretching. 


Popliteus A muscle located on the posterior knee that 
flexes and internally rotates the knee joint. 


Posterior compartment The posterior leg is divided into 
deep and superficial spaces. The gastrocnemius, soleus, and 
plantaris are located superficially and the tibialis posterior, 
flexor hallucis longus, flexor digitorum longus, and popli- 
teus are located in the deep compartment. 


Posterior cruciate ligament (PCL) A lisament located 
inside the knee joint. It crosses with the anterior cruciate 
ligament between the tibia and the femur and maintains 
stability in the knee joint. 


Posterior leg cramp A painful muscle spasm in the gas- 
trocnemius and/or soleus. 


Preparatory phase In the movement cycle, the phase in 
which appropriate muscles are lengthened so that they will 
be in position to generate more force and momentum as 
they concentrically contract in the next phase. Also known 
as wind-up phase. 


Pronation (1) Of the foot: a combination of ankle dorsi- 
flexion, subtalar eversion, and forefoot abduction (toe-out). 
(2) Of the radioulnar joint: the internal rotation of the radius 
in the transverse plane so that it lies diagonally across the 
ulna, resulting in the palm-down position of the forearm. 


Pronator quadratus A small forearm muscle that is located 
distally on the radius and ulna and performs pronation. 
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Pronator teres The forearm muscle that is located on the 
medial side of the ulna and radius and performs pronation. 


Pronator teres syndrome A median nerve disorder that 
may include repetitive pronation. 


Proprioceptive neuromuscular facilitation (PNF) stretch- 
ing  Stretching that utilizes the components of muscle 
physiology to obtain a great range of motion in muscles. 


Proprioceptors Internal receptors located in the skin, 
joints, muscles, and tendons that provide us feedback rela- 
tive to the tension, length, and contraction state of muscle, 
the position of the body and limbs, and movements of the 
joints. 

Prosthesis A substitute that replaces a worn or injured 
joint. 

Protraction A shoulder girdle forward movement in the 
horizontal plane away from the spine; abduction of the 
scapula. 


Proximal interphalangeal (PIP) A hinge joint between the 
distal interphalangeal joint (DIP) and the metacarpopha- 
langeal (MCP) joints. 


Psoas major The muscle of the iliopsoas group that pri- 
marily provides hip flexion. It is a deep core muscle that 
also provides stability for the lumbar spine. 


Psoas minor A small muscle of the iliopsoas group that 
does not provide hip flexion as it does not insert on the 
femur. 


Pubis The anterior and lower one-fifth of the pelvic 
bones. 


Q 


Q angle The quadriceps angle formed by the intersection 
of the central line of pull of the quadriceps and the line of 
pull of the patella. 


Quadratus femoris A lateral hip rotator that is located on 
the posterior pelvis. 


Quadratus lumborum A muscle that is located in the deep 
posterior lumbar region and is involved in lumbar move- 
ments and spinal stabilization. 


R 


Radial flexion (radial deviation) A wrist abduction move- 
ment in the frontal plane of the thumb side of the hand 
toward the lateral forearm. 


Radial nerve A nerve spanning from the brachial plexus 
that innervates muscles and provides sensation for the arm, 
forearm, and hand. 


Radial nerve entrapment Compromise of the radial nerve 
by soft tissue. 


Radicular pain A type of pain that is unilateral, deep, 
steady, and reproducible with certain activities (walking or 
sitting) and that follows the involved dermatome. 


Radioulnar joint A pivot joint consisting of the articula- 
tion of the radius and ulna. 


Radius A bone next to the ulna in the forearm. 
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Range of motion (ROM) The area through which a joint 
may normally be freely and painlessly moved. 


Reciprocal innervation An effect that occurs through re- 
ciprocal inhibition of antagonists. Activation of the motor 
units of the agonists causes a reciprocal neural inhibition 
of the motor units of the antagonists. This reduction in 
the neural activity of the antagonists allows them to subse- 
quently lengthen under less tension. 


Recovery phase In the movement cycle, the phase after 
follow-through in which balance and positioning are re- 
gained to be ready for the next sports demand. 


Rectus abdominis A large superficial abdominal muscle 
that projects from ribs 5, 6, and 7 and the xiphoid process 
to the pubic bone. It flexes the trunk and helps compress 
organs. 


Rectus femoris A quadriceps muscle that provides hip 
flexion and knee extension. 


Reduction The return movement from lateral flexion to 
neutral in the frontal plane. 


Referred pain Pain that can be achy, dull, migratory, and 
intermittent with varied intensity. It can radiate from the 
low back to the groin, buttock, and upper thigh. 


Reposition of the thumb A diagonal movement of the 
thumb as it returns to the anatomical position from opposi- 
tion with the hand and/or fingers. 


Resistance arm The distance between the axis and the 
point of resistance application. 


Retraction A shoulder girdle backward movement in 
the horizontal plane toward the spine; adduction of the 
scapula. 


Rhomboids  Shoulder girdle muscles that insert on the 
vertebral border of the scapula. The rhomboid major and 
minor are deep to the trapezius. Shaped like a bilateral 
Christmas tree, they connect the spinous processes of the 
thoracic spine to the vertebral edge of the scapula. Their 
major functions are adduction and downward rotation. 


RICE An acronym for “rest, ice, compression, and eleva- 
tion.” It is a first aid recipe for immediate response to acute 
injuries such as an acute sprain. 


Rotation  Spinal movement in the transverse plane. The 
spine can rotate 90 degrees. 


Rotation downward A shoulder girdle rotary movement of 
the scapula in the frontal plane with the inferior angle of the 
scapula moving medially and downward; occurs primarily 
in the return from upward rotation. The inferior angle may 
actually move upward slightly as the scapula continues in 
extreme downward rotation. 


Rotation upward A shoulder girdle rotary movement of 
the scapula in the frontal plane with the inferior angle of 
the scapula moving laterally and upward. 


Rotator cuff group A group of muscles whose tendons line 
up on the head of the humerus for stabilization. It com- 
prises the supraspinatus, infraspinatus, teres minor, and 
subscapularis. See entries for the individual muscles for 
descriptions. 


Ss 


Sacroiliac joint The joint between the sacrum and the 
ilium. 

Sacrum An extension of the spinal column that has five 
fused vertebrae. Extending inferior to the sacrum is the 
COCCYX. 


Saddle-type joint See Sellar joint. 


Sagitial plane The anteroposterior, or AP, plane that di- 
vides the body into right and left symmetrical halves. 


SAID See Specific adaptations to imposed demands. 


Sarcopenia A condition that causes a gradual loss of skel- 
etal muscle. 


Sartorius A strap muscle that provides hip flexion, exter- 
nal rotation, and knee flexion. It is a superficial muscle run- 
ning from the iliac crest to the medial tibia. 


Scaphoid A carpal bone. 


Scapula A flat bone that is one of the bones of the shoul- 
der girdle. It attaches to the clavicle and provides a place for 
the upper extremity to attach. 


Scapulothoracic  Pertaining to the actions of the shoulder 
girdle as it moves in various directions over the rib cage. It 
is not a true joint. 


Sciatic nerve A nerve composed of the tibial and common 
peroneal nerves, which are wrapped in connective tissue 
until reaching midway down the posterior thigh. 


Sciatica The inflammation of the sciatic nerve. 
Scoliosis A lateral curvature of the spine. 


Sellar joint A type of diarthrodial joint of reciprocal recep- 
tion that is found only in the thumb at the carpometacarpal 
joint and permits ball-and-socket movement, with the ex- 
ception of slight rotation. Also known as saddle joint. 


Semimembranosus A hamstring muscle that is located 
on the posterior thigh and inserts on the medial tibia. It 
extends the hip and flexes and internally rotates the knee. 


Semitendinosus A hamstring muscle that is located on 
the posterior thigh and inserts on the medial tibia. It ex- 
tends the hip and flexes and internally rotates the knee. 


Sequence A specific series of techniques chosen to ac- 
complish a particular goal in a massage session. 


Serratus anterior A shoulder girdle muscle that spans 
from the upper nine ribs and inserts into the anterior me- 
dial scapula. It abducts and upwardly rotates the scapula 
and is an accessory muscle of respiration. 


Sesamoid A bone that is not attached to another bone but 
“floats” in soft tissue. 


Sherrington's law  Thelawofreciprocalinnervation, which 
states that for every neural activation of a muscle, there is a 
corresponding inhibition of the opposing muscle. 


Shoulder girdle The bony arch made up of the clavicle 
and scapula. It surrounds the trunk and attaches to the 
sternum. 


Skeletal system All the bones of the body; consists of two 
regions, the appendicular skeleton and the axial skeleton. 


Sliding-filament theory A researched model of how a 
muscle contracts. Hugh Huxley and Jean Hanson proposed 
in 1954 that the myofilaments in muscle do not shorten 
during a contraction but that the thin filaments slide over 
the thick ones and pull the Z disks behind them, causing 
each sarcomere as a unit to shorten. 


Soleus A deep posterior leg muscle under the gastrocne- 
mius. It plantar flexes the foot. 


Somatic pain Pain from muscle, skin, or joints. 


Specific adaptations to imposed demands (SAID) A prin- 
ciple which states that the body will gradually, over time, 
adapt very specifically to the various stresses and overloads 
to which it is subjected. It is applicable in every form of 
muscle training, as well as to all the systems of the body. 


Specificity The concentrated approach to a specific area 
of focus. 


Speed A measure of how fast an object is moving, or the 
distance an object travels in a specific amount of time. 


Spinal extension The return from flexion; posterior move- 
ment of the spine in the sagittal plane. 


Spinal rotation The rotary movement of the spine in a 
transverse plane. 


Splenius capitis A posterior cervical muscle that inserts 
into the occiput. Bilaterally, it extends the head; unilater- 
ally, it laterally flexes and rotates the head. 


Splenius cervicis A posterior cervical muscle that in- 
serts on the transverse processes of C1-C3. Bilaterally, it 
extends the head; unilaterally, it laterally flexes and rotates 
the head. 


Splinting A supportive action that a muscle or muscles 
may perform so that another joint and group of muscles 
can function appropriately. 


Sprains  Injuries with various levels of severity that often 
tear ligaments, bruise nerves, and tear soft tissue. All the 
signs and symptoms of inflammation are present. 


Spurs  Bony growihs on the side of the vertebrae. 


Stabilizers  Muscles that surround a joint or body part 
and contract to fixate or stabilize the area to enable another 
limb or body segment to exert force and move. They are 
essential in establishing a relatively firm base for the more 
distal joints to work from when carrying out movements. 
Also known as fixators. 


Stance phase (1) A phase of the gait (running or walking) 
cycle. (2) In the movement cycle, the phase in which the 
athlete assumes a comfortable and appropriately balanced 
body position from which to initiate the sports skill. 


Sternoclavicular (SC) The gliding joint made up of the 
stenum and clavicle. 


Sternocleidomastoid (SCM) An anterior and lateral neck 
muscle named for its attachments. Ii flexes, rotates, and lat- 
erally flexes the head. 


Stiff neck A catchall term for limitations in neck movements. 


Strains  Injuries to the soft tissue, with various levels of 
severity. 
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Stretch reflex A muscle contraction in response to the 
lengthening, or stretching, of a muscle. This reflex acts as a 
defense mechanism to prevent the overstretching of a mus- 
cle. Also known as myotatic reflex arc. 


Stretching Taking a muscle in its resting length and ex- 
panding it. 


Stripping A deep-tissue technique designed to push fluids 
from distal to proximal. 


Structural kinesiology The study of muscles, bones, and 
joints as they are involved in the science of movement. 


Subacute The stage of inflammation that carries the same 
signs and symptoms as those of the acute stage but without 
escalation. 


Subacute flare-up A response to a chronic injury that is 
not allowed to rest. The site exhibits the signs and symp- 
toms of the acute stage. 


Subclavius A shoulder girdle muscle that is a stabilizer 
and protects the sternoclavicular joint. 


Subluxation A joint that is slightly ajar. It is not dislo- 
cated, but it has articular surfaces that are somewhat out 
of alignment. 


Suboccipitals Deep posterior neck muscles known for 
rocking and tilting the head. They are the rectus capitis pos- 
terior minor, rectus capitis posterior major, and obliquus 
capitis superior and inferior. 


Subscapularis A muscle that originates on the subscapu- 
lar fossa and inserts on the lesser tubercle. It adducis, ex- 
tends, and medially rotates the humerus. 


Subtalar and transverse tarsal joints Gliding joints that 
allow the ankle to complete inversion and eversion. 


Superior peroneal retinaculum A tissue bridge that tacks 
down the peroneal tendons superior to the calcaneofibular 
ligament. 


Supination (1) Of the foot: a combination ofankle plantar 
flexion, subtalar inversion, and forefoot adduction (toe-in). 
(2) Of the radioulnar joint: the external rotation of the ra- 
dius in the transverse plane so that it lies parallel to the 
ulna, resulting in the palm-up position of the forearm. 


Supinator A muscle in the forearm that performs supination. 


Supraspinatus A rotator cuff muscle that originates on 
the supraspinous fossa and whose insertion lines up next to 
the infraspinatus and teres minor on the greater tubercle of 
the humerus. It performs weak abduction. 


Suture A type of synarthrodial joint found in the skull. 


Swing A phase ofthe gait (running or walking) cycle that 
occurs when the foot leaves the ground and the leg moves 
forward to another point of contact. 


Symphysis An amphiarthrodial joint separated by a fibro- 
cartilage pad that allows very slight movement between the 
bones. 

Symphysis pubis An amphiarthrodial joint that joins the 
pelvic bones anteriorly. 


Synarthrodial joints  Immovable joints. 
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Synchondrosis An amphiarthrodial joint separated by 
hyaline cartilage that allows very slight movement between 
the bones. 


Syndesmosis A type of synarthrodial joint that is held 
together by strong ligaments. 


Synergists  Muscles that assist in the action of agonists 
but are not necessarily prime movers for the action. They 
assist in refined movement and rule out undesired motions. 
Also known as guiding muscles. 


T 


Talocrural joint A hinge joint that allows the foot to dorsi- 
flex and plantar flex. It is made up of the talus, distal tibia, 
and distal fibula. 


Talus A tarsal bone in the foot. 


Tarsals Bones consisting of the talus, calcaneus, navicu- 
lar, three cuneiforms, and cuboid in the foot. 


Technique goals The outcomes expected from choosing 
techniques for a particular purpose. 


Temporalis A scalp muscle that is located above the ear 
on each side of the head. Ii attaches to five different bones 
of the face and skull. 


Temporomandibular joint (TMJ) syndrome A condition 
that causes pain in the jaw, headaches, and problems open- 
ing and closing the jaw. It is caused by trauma, grinding 
teeth, braces, dental procedures, the jaw being open too 
long, cervical traction, and other factors. 


Tendinous inscriptions  Horizontal indentations that tran- 
sect the rectus abdominis at three or more locations, giving the 
muscle its segmented appearance. 


Tendon A fibrous connective tissue, often cordlike in 
appearance, that connects muscles to bones and other 
structures. 


Tendon sheath A plastic wrap-like connective tissue, sur- 
rounding individual groups of tendons, that can become 
inflamed from the repetitive action and continual torque 
received in the region. 


Tendonitis A pathologic condition of the soft tissue that is 
characterized by inflammation of a tendon. 


Tendonosis A pathologic condition of the soft tissue that 
is characterized by a breakdown in collagen fibers. 


Tennis elbow See Lateral epicondylitis. 


Tensor fasciae latae An anterior hip muscle that provides 
hip flexion and abduction. 


Teres major A posterior muscle that originates on the 
inferior angle of the scapula and inserts on the bicipital 
groove of the humerus. With latissimus dorsi, it forms the 
back aspect of the axilla region. It is a strong extensor and 
adductor and medially rotates the humerus. 


Teres minor A rotator cuff muscle that originates on the 
upper axillary border of the scapula and inserts on the infe- 
rior facet of the greater tubercle of the humerus. It performs 
extension, lateral rotation, and horizontal abduction. 


Thoracic vertebrae The 12 bony structures that surround 
the spinal cord in the chest and are attached superiorly to the 
cervical vertebrae and inferiorly to the lumbar vertebrae. 


Tibia The medial bone of the leg. 


Tibial medial condyle A bony process that provides an 
area of attachment for the semimembranosus. 


Tibial nerve The nerve that comes from the sciatic nerve 
and provides sensation to the posterolateral lower leg and 
the plantar aspect of the foot. 


Tibial plateau The smooth bony surface of the medial and 
lateral epicondyles of the tibia that articulates with the con- 
dylar surface of the femur. 


Tibial tuberosity A bony landmark where the quadriceps 
inserts into the tibia. 


Tibialis anterior An anterior leg muscle that dorsiflexes 
and inverts the foot. 


Tibialis posterior A posterior leg muscle deep to the so- 
leus. It is a strong invertor of the foot. 


Tibiofemoral joint A hinge joint of the knee that provides 
flexion and extension. 


Tibiofibular joint A syndesmotic amphiarthrodial joint 
held together by lisaments and supported by the interos- 
seus membrane; located at the proximal and distal tibia and 
fibula. 


TMJ syndrome See Temporomandibular joint syndrome. 


Toe extension Movement of the toes away from the plan- 
tar surface of the foot. 


Toe flexion Movement of the toes toward the plantar sur- 
face of the foot. 


Toe-off The third component of the stance phase of run- 
ning or walking that occurs after the foot returns to supina- 
tion and the leg returns to external rotation. 


Torque The turning effect of an eccentric force. Also 
known as moment of force. 


Torticollis A spasmodic contraction of the neck muscles, 
mostly the trapezius and sternocleidomastoid, since they 
are supplied by the spinal accessory nerve. Also known as 
wry neck. 


Traditional kinesiology The study of the science of muscle 
movement. 


Transverse arch The arch that extends across the foot 
from one metatarsal bone to the other. 


Transverse plane The plane that divides the body hori- 
zontally into superior and inferior halves. 


Transverse tarsal joints See Subtalar and transverse tar- 
sal joints. 


Transversus abdominis A deep abdominal muscle that 
connects to the other abdominal muscles by aponeurosis. It 
attaches to the diaphragm, helps in forced expiration, and 
compresses abdominal organs. 


Trapezium A carpal bone. 


Trapezius A four-sided superficial posterior muscle that is 
divided into three sections: upper, middle, and lower. It lifts 


and depresses the clavicle and scapula and adducts and up- 
wardly rotates the scapula. Bilaterally, it extends the head; 
unilaterally, it can flex the head to the ipsilateral side. 


Trapezoid A carpal bone. 


Treatment protocol A synopsis of an overall approach to 
a massage session. 


Trendelenburg test An orthopedic test used to assess glu- 
teus medius weakness. 


Treppe A phenomenon of muscle contraction that oc- 
curs when multiple maximal stimuli are provided at a low 
enough frequency to allow complete relaxation between 
contractions to rested muscle. 


Triceps brachii A three-headed muscle located on the 
posterior surface of the arm. All three heads extend the 
forearm. 


Triceps surae A term used collectively for the gastrocne- 
mius and soleus. 


Trigger point release See Ischemic compression. 


Trigger points Irritated or hyperactive areas, often lo- 
cated in hypertonic tissue, that are either active (refer pain 
to a specific area) or latent (have a positive reaction to pain 
in the area of the trigger point). 


Triquetrum A carpal bone. 


Trochoid joint A type of diarthrodial joint with a rota- 
tional movement around a long axis; depicts its movement 
of rotation as supination and pronation. Also known as 
pivot joint and screw joint. 


U 


Ulna The bone next to the radius in the forearm. It articu- 
lates with the humerus and with the radius. 


Ulnar flexion (ulnar deviation) A wrist adduction move- 
ment in the frontal plane of the little-finger side of the hand 
toward the medial forearm. 
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Ulnar nerve The nerve branching from C8 and TI that 
supplies the flexor digitorum profundus for the 4th and 5th 
fingers and the flexor carpi ulnaris. Additionally, it inner- 
vates the remaining intrinsic muscles of the hand (the deep 
head of the flexor pollicis brevis, adductor pollicis, palmar 
interossei, dorsal interossei, 3rd and 4th lumbricals, oppon- 
ens digiti minimi, abductor digiti minimi, and flexor digiti 
minimi brevis). Sensation to the ulnar side of the hand, the 
ulnar half of the ring finger, and the entire little finger is 
provided by the ulnar nerve. 


Ulnar nerve compression A restriction of the ulnar nerve 
by a bony structure. 


Uniarticular A type of muscle that acts directly on only the 
joint that it crosses. 


V 


Vastus intermedius A quadriceps muscle that is deep to 
the rectus femoris and extends the knee. 


Vastus lateralis A quadriceps muscle that inserts laterally 
into the patellar tendon and extends the knee. 


Vastus medialis A quadriceps muscle that inserts medi- 
ally into the patellar tendon and extends the knee. 


Velocity The direction and rate of displacement. 


W 


Whiplash An injury resulting from a sudden impact 
and causing a violent hyperextension of the head and 
neck, followed by hyperflexion and perhaps an additional 
hyperextension. 


Wry neck See Torticollis. 


X 


Xiphoid process The structure at the base of the sternum. 


Index 


Page reference followed by f indicates figure; t, table. 


A 


Abdominal wall 
cross section of anterior, 283f 
muscles, 268t, 279-289, 282f 
Abduction; see also Diagonal abduction; Horizontal 
abduction (extension); Protraction 
(abduction) 
axis rotation in, 7f 
elbow/radioulnar joints, 14-15 
hip joint/pelvic girdle, 317, 318f 
shoulder joint, 116t, 119-120 
wrist/hand joints, 20f, 192, 196f 
Abductor digiti minimi muscle 
foot, 428f, 429, 429 
hand, 217, 218f, 220t 
Abductor hallucis muscle, 427, 428f, 429 
Abductor pollicis brevis muscle, 217, 
218f, 219 
Abductor pollicis longus muscle 
clinical information on, 216-217, 221 
location, 197, 198f 
origins/actions/innervations, 195t 
Acceleration, 66, 68, 70 
Acceleration phase, 243 
Acetabular joint, 313 
Acetabulum, 313, 313f 
Achilles tendon, 409 
dimensional massage therapy for, 447, 449f 
problems, 439 
Achilles tendon glide, 447, 448f 
Acromioclavicular (AC) joint, 78-79, 79f 
Action, muscle, 29; see also specific joint 
aggregate, 25, 100, 112, 242 
determination of, 34-35, 48 
versus muscle contraction, 31, 32, 48 
preciseness of, 33-34 
Action phase, 243 
Action potential, 42 
Active engagement, 395, 395f 
Active insufficiency, 47 
Active Isolated Stretching (AIS), 85, 86t 
for lower extremities, 456 
for upper extremities, 247 
Active movement, 142 
Active shortening, 395, 395f 
Activities, physical; see specific activity, i.e., 
Throwing 
Acute, 143, 152 
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Adduction; see also Diagonal adduction; Horizontal 
adduction (flexion); Retraction (adduction); 
Scapular adduction 

description (arm), 15 

hip joint/pelvic girdle, 317, 318f 
shoulder joint, 116t, 119 
wrist/hand joints, 193, 196f 

Adductor brevis muscle 

clinical information on, 337-338 
location, 320, 344 
origins/actions/innervations, 323t 

Adductor hallucis muscle 

location, 427, 428f, 429 
origins/actions/innervations, 430t 

Adductor longus muscle 

clinical information on, 338 
location, 320, 344 
origins/actions/innervations, 323t 

Adductor magnus muscle 

clinical information on, 338-340 
location, 320, 344 
origins/actions/innervations, 323t 
Adductor pollicis muscle, 217, 218f, 219 
Adhesion, 227 
Adhesive capsulitis, 131 
Afferent nerves, 36 
Aggregate muscle action, 25 
dimensional massage therapy and, 100, 112 
example of, 242 

Agonists 
acting with antagonists, 34 
elbow/radioulnar joints, 161t 
hip joint/pelvic girdle, 322-323t 
knee joint, 371-372t 
in lateral cervical flexion, 252t 
role of, 33, 100 
in scapular adduction, 249t 
shoulder girdle/joint, 83t, 123t 
in thumbs-up flexion, 250t 

Aikido, 103 

All-or-none principle, 41-42, 48 

Alternating compressive effleurage, 181, 181f 

Alternating effleurage, 352, 353f 

Alternating-hands neck stretch 

head/neck muscles, 300-301, 301f 
shoulder girdle muscles, 105, 105f 

Alternating petrissage 

elbow/radioulnar muscles, 181, 181f, 185 
wrist/hand muscles, 232, 232f 


Amphiarthrodial joints, 11, 12f 
Amplitude, muscle fiber, 29 
Anatomical direction 
terminology, 4, 4t, 20 
views, 5f 
Anatomical position, 3, 3f 
Anatomy, functional, 3 
Anchor and separate, 357, 357f 
Anchor and stretch, 111, 111f 
Anconeus muscle 
clinical information on, 168 
dimensional massage therapy for, 184, 184f 
location, 159, 172 
origins/actions/innervations, 161t 
Angle of pull, 45-46, 46f 
Angular motion, 65, 70 


Ankle and foot joints, 402-403, 405-408, 406-407f, 431 


bones/landmarks, 403-405, 405f, 431 
clinical information on, 436-437, 451 
ligaments, 406f, 407, 438 
movements, 408-409, 431 
ranges of, 407f 
terms describing, 16-17 
muscles, 409-411, 410-411f, 431 
anterior compartment, 424-426, 432 
clinical information on, 414-432 
innervations/actions, 412, 412-413t, 414, 
429-430t, 431 
intrinsic, 426-431, 428f 
lateral compartment, 420-423, 432 
origins/insertions, 412-41 3t, 429-430 
posterior compartment, 414-420, 431-432 
problems, 437-439, 451; see also clinical 
information on 
structural perspectives of, 437, 451 
Annulus fibrosus, 261 
Antagonists 
agonists and, 34 
paired opposition to, 242 
role of, 33, 100 
synergists and, 34f 
Antebrachial fascia; see Extensor retinaculum 
Anterior, 4, 5f, 8f 
Anterior compartment, 409, 424-426, 432 
Anterior cruciate ligament (ACL), 366 
Anterior rotation, 317, 319f 
Anterior talofibular ligament, 438, 449, 450f 
Anteroposterior axis, 6 
Anteroposterior plane (AP), 6 
Aponeurosis, 132 
Appendicular region, 4 
Arc of pain, 142, 152 
Arcade of Frohse, 171 
Arches of foot 
problems, 417, 420 
types/location, 407-408, 407f 
Arthritis 
ankle/foot, 439 
cervical region, 298 
hip joint/pelvic girdle, 350 
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thigh/knee joint muscles, 389-390 
wrist/hand joints, 228 
Arthrodial joint, 12, 78 
Arthroscopy, 381 
Arthroses, 9 
Articulation, 9-10 
Atlantoaxial joint, 260-261, 263f 
Atlantooccipital joint, 260 
Atlas, 259, 263f 
Axes of rotation, 6-7, 7f 
Axial pain, 349 
Axial region, 4 
Axis (biomechanical), 58-59, 59f, 60t 
Axis (vertebrae), 259, 263f 
Axles, 63-64, 63f 


Back; see Lower back; Trunk and spinal column 
Back pain/tension 
dimensional massage therapy for, 351-352 
need of massage for, 348-349 
thigh muscles and, 380 
types of, 348-350 
Back-pocket sciatica, 350 
Balance, 67-68, 71 
Ballistic stretching, 85 
Ball-and-socket joint, 12, 13, 14f 
Basal ganglia, 36 
Bent fingers, 394, 394f 
Bent-knee compression, 358, 358f 
Bent-knee trunk flexion, 458-459, 459f 
Biarticular muscles, 46-47 
Biaxial joint, 12 
Biceps brachii muscle 
Clinical Flexibility/Therapeutic Exercise for, 249 
clinical information on, 162-164, 165 


dimensional massage therapy for, 180-182, 180-182f 


location, 122f, 159, 172 

origins/actions/innervations, 161 
Biceps curls lever equation, 62f 
Biceps femoris muscle 


Clinical Flexibility/Therapeutic Exercise for, 459-460 


clinical information on, 380-381 
location, 369, 383 
origins/actions/innervations, 372t 

Biodex apparatus, 33 

Biomechanics, 57-58, 70 

Bipennate muscle, 28, 28f 

Body mechanics, 103, 215 

Body movements; see also Joint movements 
biomechanical principles of, 57, 70 
factors to consider in, 35 
kinetic chain concept of, 243-245, 2441, 245f, 253 
laws of motion and, 64-66, 70-71 
maintenance of daily, 246-247 
mechanical aspects of, 58, 70 
muscle terminology in, 28-29 
phases of, 242-243, 243f, 253, 403 
proprioception and, 39-41, 48 
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Body regions, 4, 5f, 20 
Bones, 3, 9; see also specific bone; specific joint 
Bony landmarks, 9, 9f, 21; see also specific joint 
Bowlegs, 388 
Brachial plexus, 36f, 84f 
elbow/forearm innervated by, 161 
entrapment of, 93 
functional application of, 37t 
head/neck muscles and, 298 
impingement of, 82, 143 
shoulder innervated by, 82, 121, 124f 
wrist/hand innervated by, 199, 200f, 221 
Brachialis muscle 
clinical information on, 164-165 
dimensional massage therapy for, 182 
location, 122f, 159, 172 
origins/actions/innervations, 161t 
Brachioradialis muscle 
clinical information on, 165-166 
dimensional massage therapy for 
elbow/radioulnar joints, 182-185, 182-185f 
wrist/hand, 231, 231-232£ 
location, 122f, 159, 172-173 
origins/actions/innervations, 161t 
Brainstem, 36 
Breast weight, muscles supporting, 133 
Breathing 
abdominal muscles and, 280, 280f 
importance of proper, 247, 253 
“Briefcase” muscle, 127 
Broad stripping, 182, 182f 
Broadening 
elbow/radioulnar muscles, 183, 183f 
forearm/wrist/hand muscles, 232, 233f 
leg/ankle/foot muscles, 440, 441f, 447, 448f 
thigh/knee joint muscles, 393, 393f, 395-397, 395f, 397f 
Broadening with engagement, 235-236, 236f 
Bursae, 142 
Bursitis 
elbow/radioulnar joints, 178 
knee joint, 367-368 


C 


Cadaver dissection, 34 
Calcaneofibular ligament, 438, 450, 450f 
Calcaneus, 403 
Calf muscles; see Gastrocnemius muscle 
Capitate, 190, 191f£ 
Cardinal planes, 4, 6, 6f 
Care of the Soul (Moore), 103 
Carpal tunnel syndrome, 179 
bones/ligaments involved, 190 
causes of, 202, 227, 238 
exercise for, 201 
muscle fatigue reflecting, 169 
muscles/tendons involved, 197, 199f 
Carpals 
dimensional massage therapy for, 233, 233f 
location, 190, 191f 
Carpometacarpal (CMC) joint, 191, 192f 


Cartilaginous joints, 10, 11, 12f 

Central nervous system (CNS) 
muscle control, 35-38 
proprioception, 39-41, 41f 

Cephalic region, 4 

Cerebellum, 36 

Cerebral cortex, 36 

Cervical extension, 264, 266 

Cervical flexion, 251-252, 251-252f, 2521 

Cervical nerves, 36f, 37 

Cervical plexus, 36f, 374, 82, 83f 

Cervical region, 4 

Cervical roll, 305, 305f 

Cervical vertebrae, 259, 260-261f, 264f 

Cervical work, 303, 303f 

Chest; see Thorax 

Chi, 103 

Chondromalacia, 376 

Chronic, 143, 152 

Circuit training, 456 

Circular effleurage, 357, 357f 

Circular friction 
elbow/radioulnar muscles, 184, 184f 
head/neck muscles, 299-300, 299-301f 
leg/ankle/foot muscles, 443, 444f, 447 
shoulder girdle muscles, 109 
shoulder joint muscles, 148-149, 149-150f, 151 
thigh/knee joint muscles, 393, 398, 398f 
wrist/hand muscles, 235, 235f 

Circular muscles, 28, 28f 

Circumduction, 15 

Circumflexion, 15 

Clavicle, 77, 77£ 

Clavicular attachments, 149f 

Claw down with support, 110, 110f 

Claw stripping, 109-110, 110f, 112 

Clinical flexibility, 85 
elbow/radioulnar joints, 164-169, 171-172 
hip joint/pelvic girdle, 327, 329, 331, 333, 335, 338-339, 

341-342 

knee joint muscles, 373, 375-378, 380-381 
shoulder girdle, 88-90, 92-94 
shoulder joint, 125, 128-136 
trunk/spinal column, 271, 273, 276, 278, 284, 286-288 
wrist/hand joints, 201-208, 210-211, 213-216 

Clinical Flexibility and Therapeutic Exercise (CFTE), 

82-86, 95 

analysis of, of lower extremity, 457-463 
analysis of, of upper extremity, 247-252, 253 

Closed-fist stripping, 357, 357f 

Closed kinetic chain exercises, 244-245, 2444, 245f 

Closed-palm shaping 
head/neck muscles, 302-303, 303f 
shoulder girdle muscles, 104, 105f 

Closure, gross, 206 

Coccygeal plexus, 36f, 324f 

Coceyx, 259, 313, 313f 

Cocking phase, 243 

Collagen, 227 

Combing, 302 

Compartment syndrome, 437 


Compression (technique), 102 
elbow/radioulnar muscles, 182 
leg/ankle/foot muscles, 441, 442f, 445, 447f 
low back/pelvic muscles, 358, 358f 
shoulder girdle muscles, 109, 109f, 110f 
shoulder joint muscles, 146, 147f, 148, 148f 
thigh/knee joint muscles, 392, 392f, 396f 
wrist/hand muscles, 230, 230f 

Compressive effleurage 
elbow/radioulnar muscles, 181-182, 181f, 184-185, 184f 
hip/pelvic girdle muscles, 327, 357, 358f 
thigh/knee joint muscles, 393, 393f, 398 
wrist/hand muscles, 232, 232f 

Computer use; see Ergonomic practices 

Concentric contraction, 31, 32t, 242, 456 

Conditioning for daily living, 245-247, 253, 456 

Condyloid joint, 12, 14f 

Contact phase, 243 

Contracted iliotibial tract, 388 

Contractibility, muscle, 28 

Contraction, muscle, 456-457, 463 
factors affecting, 25, 42, 48 
force-velocity relationship in, 44-45, 45f, 48 
versus muscle action, 31, 32, 48 
positive/negative, 31, 32 
sliding-filament theory of, 29, 30f, 31, 48 
types of (actions), 31-33, 32t, 48 

Contraction phase, 43 

Contractures, muscle, 414 

Contralateral, 4 

Contralateral muscles, 33 

Coracobrachialis muscle 
clinical information on, 135-136 
dimensional massage therapy for, 149, 150f 
location, 121, 122f, 136 
origins/actions/innervations, 123t 

Core of body, 457 

Coronal axis/plane, 6 

Cramps, muscle, 414, 418, 426, 438 

Crepitus, 142 

Cross crawl muscle, 284 

Cross-fiber friction; see Deep transverse friction 

Cryotherapy, 349 

Cuboid, 403 

Cuneiforms, 403 

Cup stripping, 105, 105f 

Curvilinear motion, 65 

Cybex apparatus, 33 


D 


de Quervain's tenosynovitis, 216 
Deceleration phase, 243 
Deep, 4 
Deep-tissue therapy 
low back/pelvic muscles, 351-360 
technique goals and, 101-102, 112 
Deep transverse friction 
elbow/radioulnar muscles, 180, 182, 182f, 184, 184f 
hip/pelvic girdle muscles, 354, 354f, 356, 356f, 
359, 359f 
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leg/ankle/foot muscles, 442, 443, 443f, 445f, 447, 449, 
449f, 450, 450f 
shoulder girdle muscles, 102, 110-111, 110-111f 
shoulder joint muscles, 146, 146-147f, 148, 
149-150f, 150 
thigh/knee joint muscles, 394, 398, 398f 
wrist/hand muscles, 235, 235f 
Degenerative disk disease 
cervical region, 298 
hip joint/pelvic girdle, 350 
wrist/hand joints, 228 
Deltoid muscle 
Clinical Flexibility/Therapeutic Exercise for, 248-250, 
249-250f 
clinical information on, 125-126 
dimensional massage therapy for, 147, 147f, 150-151, 
150-151f, 180 
location, 121, 122f, 124-126, 136 
origins/actions/innervations, 123t 
Deltoid tuberosity, therapy to, 180 
Depression (inferior movement), 17, 80, 116t 
Dermatome, 37, 37-38t 
Diagonal abduction 
hip joint/pelvic girdle, 317, 318f 
shoulder joint, 116t, 120 
Diagonal adduction 
hip joint/pelvic girdle, 317, 318f 
shoulder joint, 116t, 121 
Diagonal axis, 7 
Diagonal plane, 6 
Diaphragm muscle, 280f, 2811 
Diarthrodial joints, 10, 11-13 
Digits; see Phalanxes 
Dimensional massage therapy, 102 
prone body position 
hip/pelvic girdle muscles, 352-360, 352-360f 
leg/ankle/foot muscles, 444-452 
shoulder girdle muscles, 107-112, 107-111f 
shoulder joint muscles, 151 
thigh/knee joint muscles, 396-398 
side-lying position 
shoulder joint muscles, 144-147, 144-147f 
supine body position 
elbow/radioulnar muscles, 182-185, 182-185f 
forearm/wrist/hand muscles, 230-238, 230-237f 
head/neck muscles, 299-305, 306 
leg/ankle/foot muscles, 440-444 
shoulder girdle muscles, 104-107, 104-106f 
shoulder joint muscles, 148-151, 148-151f 
thigh/knee joint muscles, 391-396 
supine—flexed-arm position 
elbow/radioulnar muscles, 180-182, 180-182f 
to upper extremity as a whole, 229-230 
Dislocation, joint, 178 
Displacement, 65, 65f, 70 
Distal, 4 
Distal interphalangeal (DIP) joint, 191, 192f, 406 
Distance (path of movement), 65 
Distraction 
elbow/radioulnar muscles, 181, 181f 
leg/ankle/foot muscles, 444, 445f, 447, 449f 
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Distraction movement, 233, 233f 
Dorsal, 4t, 5f 
Dorsal interossei muscles 
foot, 430t 
hand, 217, 218f, 219t 
Dorsiflexion (dorsal flexion) 
ankle/foot joints, 16, 408 
leg/ankle/foot muscles, 444, 445f 
wrist/hand joints, 19, 192 
Double-crush syndrome, 179 
Downward rotation, 18, 80, 1l6t 
Dupuytren, Guillaume, 227 
Dupuytren's contracture, 200, 227, 237 
Duration, 245 
Dynamic equilibrium, 67, 71 
Dynamics, 58, 70 


E 


Eccentric contraction 
confusion regarding, 242 
defined, 31, 456 
muscle action of, 32-33, 32t 
synergistic action of, 34 
Eccentric force, 61 
Edeing 
head/neck muscles, 301, 302f 
hip/pelvic girdle muscles, 354, 354f 
shoulder girdle muscles, 105, 105f 
Efferent nerves, 36 
Effleurage; see also Compressive effleurage 
elbow/radioulnar muscles, 181, 181f 
head/neck muscles, 301-302, 302f, 305 
leg/ankle/foot muscles, 440-442, 441f, 443f, 446-447, 
447-448f 
low back/pelvic muscles, 352, 353f, 354, 355-357f, 
356-357, 359-360, 360f 
sequence of therapy in, 229 
shoulder girdle/joint muscles, 104, 104f, 
109, 151 
Swedish, 101, 229 
thigh/knee joint muscles, 398 
Effort (E), 58 
Elasticity, muscle, 28 
Elbow and radioulnar joints, 155-159, 157-158f, 172 
bones/landmarks, 156, 156f, 172 
movements, 159, 159-160f, 172 
clinical flexibility analysis of, 249t, 250t 
ranges of, 158f 
terms describing, 17 
muscles, 159, 159-160f, 161, 172-173 
actions/innervations, 161-162, 161, 162f, 172 
clinical information on, 162-172 
dimensional massage therapy for, 180-185, 
180-185f, 233 
origins/insertion, 159f, 161t, 172 
synergy between, 157-159 
problems, 178-179; see also clinical information on 
tendons/ligaments, 158f, 182, 182f 
Electrical stimulation, 35 
Electromyography (EMG), 34 


Elevation, shoulder girdle, 17, 80, 116t 
Ellipsoid joint, 12 
Elliptical movement, 102 
elbow/radioulnar muscles, 180, 180f, 183, 183f 
hip/pelvic girdle muscles, 352, 352-353f, 356, 357f 
leg/ankle/foot muscles, 443-444, 444f, 446f 
shoulder girdle muscles, 108-109, 109f 
shoulder joint muscles, 144, 144-145f, 148, 149f, 150, 
150f, 151 
thigh/knee joint muscles, 391, 391f, 396, 396f 
wrist/hand muscles, 231, 231f, 233, 233f 
Enarthrodial joint, 13 
Endangerment zone (groin/leg), 340, 415 
Endurance, muscular, 246, 456 
Epicondylitis, medial/lateral 
elbow, 159, 178, 201 
sequence of therapy for, 229 
wrist/hand and, 206, 207-210 
Equilibrium, 67-68, 71 
Erector spinae muscles 
Clinical Flexibility/Therapeutic Exercise for, 
251-252, 458-459 
clinical information on, 274, 276-278 
dimensional massage therapy for, 354-355, 
354-355f 
location, 265, 289 
origins/actions/innervations, 267t 
Ergonomic practices 
using backpacks, 247 
using computer keyboard, 210, 212, 215 
at computer station, 89 
for lifting, 278 
by therapist, 103 
Eversion, 16, 408 
Excitability, muscle, 28 
Exercise; see also Clinical Flexibility and Therapeutic 
Exercise (CFTE) 
apparatuses for isokinetic, 33 
kinesiology in, 3 
Exertion, breathing during, 247 
Extensibility, muscle, 28 
Extension, 15; see also Horizontal abduction (extension); 
Plantar flexion (extension) 
ankle/foot, 409 
elbow/radioulnar joints, 159 
hip joint/pelvic girdle, 317, 318f 
knee joint, 369, 370f 
shoulder joint, 116t, 119 
trunk/spinal column, 19, 264, 266 
wrist/hand joints, 192, 196f 
Extension (dorsiflexion); see Dorsiflexion 
(dorsal flexion) 
Extension (reduction); see Reduction (extension) 
Extensor carpi radialis brevis muscle 
clinical information on, 208-209, 221 
location, 197, 198f 
origins/actions/innervations, 194t 
Extensor carpi radialis longus muscle 
clinical information on, 209-210, 221 
location, 193, 198f 
origins/actions/innervations, 194t 


Extensor carpi ulnaris muscle 

clinical information on, 207, 208, 221 

location, 197, 198f 

origins/actions/innervations, 194t 
Extensor digiti minimi muscle 

clinical information on, 213-214, 221 

location, 197, 198f 

origins/actions/innervations, 195t 
Extensor digitorum brevis muscle, 430t, 438, 443 
Extensor digitorum longus muscle 

clinical information on, 425-426 

location, 409, 410f, 432 

origins/actions/innervations, 413t 
Extensor digitorum muscle 

clinical information on, 210-212, 221 

location, 197, 198f 

origins/actions/innervations, 194t 
Extensor hallucis longus muscle 

clinical information on, 426-427 

location, 409, 410f, 432 

origins/actions/innervations, 413t 
Extensor indicis muscle 

clinical information on, 212-213, 221 

location, 197, 198f 

origins/actions/innervations, 195t 
Extensor pollicis brevis muscle 

clinical information on, 215-216, 221 

location, 197, 198f 

origins/actions/innervations, 195t 
Extensor pollicis longus muscle 

clinical information on, 214-215, 221 

location, 197, 198f 

origins/actions/innervations, 195t 
Extensor retinaculum, 197, 234, 234f 
External intercostal muscles, 280f, 2811 
External oblique muscle 

Clinical Flexibility/Therapeutic Exercise for, 

457-458 

clinical information on, 284-285 

dimensional massage therapy for, 353, 353f 

location, 265, 289 

origins/actions/innervations, 268t 
External rotation, 15 

hip joint/pelvic girdle, 317, 318f, 319f 

knee joint, 369, 370f 

leg/ankle/foot, 441, 442f 

radioulnar joint, 155-156 

shoulder joint, 116t, 119f 
Extrinsic muscles, 29 

shoulder joint, 121 

wrist/hand, 193, 194-195t, 197-199 


F 


Fascicle arrangement 
muscles according to, 26-27f 
shape of, 25, 47 
Fatigue, muscle 
elbow/radioulnar joints, 163, 166, 168-169 
hip joint/pelvic girdle, 328, 338 
knee joint, 372 
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Femoral nerve 
hip/pelvic girdle, 321, 324f 
knee joint, 371 
problems, 389 
Femur, 9, 314f, 366f 
Fiber bundle, muscle, 25, 28, 47 
Fibrous joints, 10-11 
Fibula, 365, 367f 
Fibular (lateral) collateral ligament, 367 
Fibular nerves; see Peroneal nerve 
Fibularis muscles; see Peroneus muscles 
Figure eight technique, 353, 353f 
Finger joints; see Wrist and hand joints 
Finkelstein's test, 216 
Fixator muscles, 33 
Flat muscles, 25 
Flex and stretch, 445 
Flex and strip, 447 
Flexibility; see also Clinical flexibility 
exercising for, 246, 456 
types of, 85, 95 
understanding, 84, 95 
Flexibility analysis 
lower extremities, 457-460, 462 
upper extremities, 247, 249, 251 
Flexing, extending, stripping, 234-235, 235f 
Flexion, 15; see also Dorsiflexion (dorsal flexion); 
Horizontal adduction (flexion) 
ankle/foot joints, 17, 408 
of arm showing axis, 7f 
elbow/radioulnar joints, 159 
hip joint/pelvic girdle, 317, 318f 
knee joint, 369, 370f, 381 
lower extremities, 457-459, 457-459f 
shoulder joint, 116t, 119 
trunk/spinal column, 19, 264, 266 
upper extremities, 247, 248—252f, 249-252 
wrist/hand joints, 19-20, 192-193, 196f 
Flexion shake, 237, 237f 
Flexor carpi radialis muscle 
clinical information on, 202, 221 
dimensional massage therapy for, 234-235, 235f 
location, 193, 197f 
origins/actions/innervations, 194t 
Flexor carpi ulnaris muscle 
clinical information on, 203-204, 221 
dimensional massage therapy for, 234-235, 235f 
location, 193, 197f 
origins/actions/innervations, 194t 
Flexor digiti minimi brevis muscle 
foot, 427, 428f, 430 
hand, 217, 218f, 220t 
Flexor digitorum brevis muscle, 428f, 429, 429 
Flexor digitorum longus muscle 
clinical information on, 418-419 
location, 409, 432 
origins/actions/innervations, 412t 
Flexor digitorum profundus muscle 
clinical information on, 205-206, 221 
location, 197, 197f 
origins/actions/innervations, 194t 
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Flexor digitorum superficialis muscle thigh/knee joint muscles, 394 
clinical information on, 204-205, 221 wrist/hand tendons, 233 
dimensional massage therapy for, 234, 235f Frontal axis, 6 
location, 197, 197f Frontal plane, 4, 6, 6f 
origins/actions/innervations, 194t Frontalis, 299, 299f 
Flexor hallucis brevis muscle, 427, 428f, 429t Frozen shoulder, 131 
Flexor hallucis longus (FHL) muscle Fulcrum, 58-59 
clinical information on, 419-420 Functional anatomy, 3 
location, 409, 432 Functional position, 3 
origins/actions/innervations, 412t Functional unit, 101 
Flexor pollicis brevis muscle, 217, 218f, 219t Fundamental position, 3 
Flexor pollicis longus muscle Fusiform muscles, 25, 28f 
clinical information on, 206-207, 221 
location, 197, 197f G 
origins/actions/innervations, 194t 
Flexor retinaculum Gait cycle, 403, 404f 
dimensional massage therapy for, 234, 234f Gait issues 
wrist/hand joints, 197, 199f ankle/foot muscles and, 419 
Flipping the hand, 237, 237f evaluating, 403 
Follow-through phase, 243 hip joint/pelvic girdle and, 335 
Foot; see also Ankle and foot joints; Arches of foot knee joint and, 377, 388 
bones/landmarks, 405f upper body and, 455 
intrinsic muscles of, 426-431, 428f, 429-430t Ganglion, 227, 237 
motion, 407f Gaster, muscle, 29 
Foot drop, 439 Gastrocnemius muscle 
Foot flip-flop, 447-448, 449f clinical information on, 414-415 
Foraminal stenosis, 350 dimensional massage therapy for, 444-447, 446-448f 
Force, 68, 71 knee joint and, 369, 383 
and levers, 58-60, 59f, 60t location, 409, 410f, 431 
mechanical, 68f origins/actions/innervations, 412t 
in mechanical advantage, 58 Gemellus inferior/superior muscles 
and motion, 64-66 clinical information on, 335-336 
muscular, 45-46 dimensional massage therapy for, 359, 359f 
of pulley, 64f location, 319, 344 
and torque, 61-62, 62f origins/actions/innervations, 323t 
Force arm, 61, 62f, 70 Genu recurvatum, 84 
Force-velocity relationship, 44-45, 45f, 48 Genu valgum, 388 
Forearm,; see also Wrist and hand joints Genu varum, 388 
muscles Gerdys tubercle, 315 
dimensional massage therapy for, 230-232, 230-233f, Ginglymus joint, 13, 156 
235, 235f Glenohumeral joint, 116-118, 117£, 136 
treatment protocol for, 230 agonist muscles of, 123t 
unwinding, 229, 238 with humerus removed, 117f 
range of motion of, 158f lisaments, 117f 
Forearm effleurage synergy with other joints, 81, 157-159 
leg/ankle/foot muscles, 447, 448f Glenoid labrum, 116 
low back/pelvic muscles, 354, 355f, 356, 356f, Gliding joint, 12 
359-360, 360f Gluteus maximus muscle 
Forearm stroking, 395, 395f, 398 Clinical Flexibility/Therapeutic Exercise for, 459, 461-463 
Forward elevation (flexion), 119 clinical information on, 331-332 
Fracture, bone dimensional massage therapy for, 356-360 
ankle/foot, 437, 439 location, 319, 321f, 344 
elbow/radioulnar, 178 origins/actions/innervations, 322t 
hand/wrist, 226 Gluteus medius muscle 
Frequency, 245 clinical information on, 332-334 
Friction, biomechanical, 66-67, 71 dimensional massage therapy for, 356-360 
Friction (therapeutic technique), 101; see also Circular location, 319, 321f, 344 
friction; Deep transverse friction origins/actions/innervations, 322t 
elbow/radioulnar muscles, 183 Gluteus minimus muscle 
hip/pelvic girdle muscles, 354, 354f clinical information on, 334-335 


shoulder girdle muscles, 112 dimensional massage therapy for, 356-360 


location, 319, 321f, 344 
origins/actions/innervations, 322t 
Golf swing, 166, 284 
Golfer's elbow, 159, 178 
Golgi tendon organ (GTO), 41f 
kinesthesis and, 421 
stretching and, 39-40, 84, 95 
Gomphosis, 10, 11, 11f 
Goniometer, 13 
Gow apparatus, 33 
Gracilis muscle 
clinical information on, 341-342 
location, 320, 344, 369, 383 
origins/actions/innervations, 323t 
Grasping, 207, 225 
Greater trochanter, 313, 314f 
Gripping, 159, 206 
Groin muscle; see Pectineus muscle 
Ground reaction force, 66, 71 
Guiding muscles, 33 
Guy wires (muscle spans) 
hip/pelvic girdle, 313, 343 
knee joint, 365, 377, 387 
trunk/spinal column, 278 


H 


Hacking, light; see Tapotement 
Half-moon warm-up, 352 
Hallux rigidus, 419 
Hamate, 190, 191f 
Hammertoes, 414 
Hamstring muscles 
Clinical Flexibility/Therapeutic Exercise for, 
459-463 
clinical information on, 335, 337, 377-382 
dimensional massage therapy for, 396-398, 
397-—398f 
location, 319, 344, 369, 3774 
Hand, intrinsic muscles of, 217-218, 218f, 219-220; 
see also Wrist and hand joints 
Hands under back 
head/neck muscles, 301, 301£ 
shoulder girdle muscles, 106, 106f 
Hanson, Jean, 29 
Head and neck; see also Trunk and spinal column 
movements; see Cervical extension; Cervical flexion 
muscles that move 
clinical information on, 271-273, 288-289 
dimensional massage therapy for, 299-305 
location, 269, 270-271f 
origins/actions/innervations, 267t, 270t 
shoulder girdle muscles and, 294-296 
unwinding and sequence for, 298-299 
problems, 297-298, 306; see also clinical information on 
structural perspectives of, 294, 306 
Head-forward stretch with breath, 106-107 
Head rock, 106, 106f£ 
Headaches, 297, 299, 306 
Heel-strike phase, 403 
Hematoma, 389 
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Hernia, abdominal, 287 
Herniated disk, 264f, 350 
Herniated nucleus pulposus, 261 
Hinge joint, 13, 14f 
Hinge-type joint, 156 
Hip joint and pelvic girdle, 312-313, 343 
bones/landmarks, 313-315, 313-314f, 343 
joints, 315-316, 315f, 343 
ligaments, 315, 315f 
movements, 343 
active, 316f 
clinical flexibility analysis of, 458t, 460-461t, 4631 
motions accompanying, 317t 
types of, 317, 318—-319f 
muscles 
anterior, 325-331, 343 
Clinical Flexibility/Therapeutic Exercise for, 
461, 461f 
clinical information on, 325-342, 343-344 
dimensional massage therapy for, 348-349, 360 
innervations/actions, 320-321, 322-323t, 324-325f, 
325, 343 
location, 318-320, 320-321f, 343 
medial thigh, 324f, 337-342, 344 
origins/insertion, 322—323t 
posterior, 331-337, 344 
problems, 349-350; see also clinical information on 
structural perspectives of, 349, 360, 388 
Holding techniques, 299-300, 300f 
Horizontal abduction (extension), 18, 116t, 120 
Horizontal adduction (flexion) 
flexibility analysis, 247, 248f 
shoulder joint, 18, 116t, 120 
Horizontal plane, 6 
Horseback riding, 339 
Housemaid's knee, 368 
Human movement; see Body movements 
Humeral joint tease, 151f, 180 
Humerus, 9, 116, 159-160f 
Hurdling, 340, 387 
Huxley, Hugh, 29 
Hyaline cartilage, 11 
Hyperextension 
Clinical Flexibility/Therapeutic Exercise 
lower extremities, 457, 457f, 461, 461f 
upper extremities, 249, 249-250f 
hip joint/pelvic girdle, 317, 318f 
shoulder joint, 119 
trunk/spinal column, 19, 264, 266 
wrist/hand joints, 192, 196f 
Hypertonic muscles/tissue, 178, 285 
Hypothenar eminence, 217 


Iliacus muscle, 319, 322t 
Iliocostalis muscle, 265, 2674 
Iliopsoas muscle 
clinical information on, 325-327 
location, 319, 343 
origins/actions/innervations, 322t 
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Iliotibial tract (IT), 315 
contracted, 388 
dimensional massage therapy for, 394, 394f 
muscles affecting, 330, 374 
tendonitis of, 377 
Ilium 


dimensional massage therapy on crest of, 356, 356f, 


359-360, 359-360f 
location, 313, 313-314f 
Impingement 
shoulder girdle, 81, 82 
shoulder joint, 118, 127 
Index finger, 212 
Inertia, 65-66, 65f, 70 
Inferior, 4 
Inferior peroneal retinaculum, 438 
Inflammatory response stages, 143, 152 
Infraspinatus muscle 
clinical information on, 128-130 
location, 121, 122f, 136 
origins/actions/innervations, 123t 
Infraspinatus tendon, locating, 146, 146f 
Injury, acute/chronic 
ankle/foot, 423, 424, 437-439, 451 
head/neck, 297, 306 
hip/pelvic girdle, 338, 340, 349, 360 
prevention of, 242; see also Ergonomic practices 
thigh/knee, 389, 399 
wrist/hand, 226, 237 
Innervation of muscles, 29, 35; see also specific joint 
Insertion of muscles, 29; see also specific joint 
Intensity, 245 
Internal intercostal muscles, 280f, 2811 
Internal oblique muscle 
Clinical Flexibility/Therapeutic Exercise for, 
457-458 
clinical information on, 285-286 
location, 265, 289 
origins/actions/innervations, 268t 
Internal rotation, 16 
hip joint/pelvic girdle, 317, 318f 
knee joint, 369, 370f 
radioulnar joint, 155-156 
shoulder joint, 7f, 116t, 120 
International Headache Society, 297 
Interneurons, 38 
Interphalangeal (IP) joints, 191, 192f 
Interspinales muscles, 274, 276t 
Intertransversarii muscles, 274, 276t 
Intervertebral disks, 261, 264f 
Intrinsic muscles, 28 
hand, 198, 217-218, 218-219f 
shoulder, 121 
Inversion, 16, 408, 421-422, 426 
Inversion sprain, 438 
Inward rotation; see Internal rotation 
Ipsilateral, 4 
Irritability, muscle, 28 
Ischemic compression (technique), 102 
Ischial tuberosity, 314, 314f, 398f 
Ischium, 313, 313-314f 


Isokinetics, 33 
Isometric contraction, 31, 32t 
Isotonic contraction, 31 


J 


Job-related activities, conditioning for, 246-247 
Joint capsule, 11 
Joint cavity, 11 
Joint movements; see also specific joint 
general, 13-16 
neuromuscular principles in, 24 
specific, 16-20, 21 
with/without muscle action, 32t 
Joint tease; see Humeral joint tease 
Joints, 9-13, 21; see also specific joint 
Jostle and stretch 
shoulder girdle muscles, 109, 109f 
shoulder joint muscles, 147-148, 147-148f 
Jostling, 102 
elbow/radioulnar muscles, 180, 183, 183f 
leg/ankle/foot muscles, 445, 446f 
thigh/knee joint muscles, 391-392, 392f 
wrist/hand muscles, 231, 231f 


K 


Keyboard practices, 210, 212, 215 
Ki, 103 
Kinematics, 58 
Kinesiology, 2-3, 456 
Kinesthesis, 39-41, 48 
Kinetic chain concept, 243-245, 2441, 245f, 253 
Kinetic friction, 67 
Kinetics, 58 
Kneading, classic, 446, 448f 
Knee capsule, 368 
Knee joint, 364-366, 382-383 
bones/landmarks, 365, 366-367f, 382 
“double-jointed,” 84 
lisaments, 366-369, 368f, 389 
movements, 369, 370f, 383 
active ranges of, 369f 
clinical flexibility analysis of, 463t 
muscles, 369-371, 383 
anterior, 372-377 


clinical information on, 372-382, 383, 387-389, 399 


dimensional massage therapy for, 390-398, 399 
innervations/actions, 371, 371-372t, 383 
origins/insertion, 371-372t 
posterior, 377-382 
supporting, 341 
problems, 389-390, 399; see also clinical 
information on 
structural perspectives of, 388, 399 
Knee replacement surgery, 390, 399 
Knock-knees, 388 
Knuckle; see Metacarpophalangeal (MCP) joint 
Knuckling, 303 
Krause's end-bulbs, 39, 40-41, 421 
Kyphosis, 260 


L 


Laminectomy, 350, 360 
Lap suture, 10f 
Lateral, 4 
Lateral axis, 6 
Lateral collateral ligament (LCL), 367 
Lateral compartment 
dimensional massage therapy for, 441-442 
muscles of, 409, 420-423, 432 
Lateral epicondylitis; see Epicondylitis, medial/lateral 
Lateral flexion (side bending), 19, 264, 266 
Lateral longitudinal arch, 408 
Lateral meniscus, 366 
Lateral plane, 6 
Lateral rotation; see External rotation 
Latissimus dorsi muscle 
dimensional massage therapy for, 146, 147f, 151 
location, 121, 136 
origins/actions/innervations, 123t 
of shoulder joint, 122f, 131-132 
Law of acceleration, 66, 70 
Law of inertia, 65-66, 65f, 70 
Law of reaction 
defined, 66, 100 
reviewed, 70-71, 112 
Leg; see also Thigh muscles 
cross section of lower, 412 
muscles 
clinical information on, 414-423 
dimensional massage therapy for, 440-441 
location, 409-411, 410-411f 
problems, 414, 437-439 
Lengthening 
thigh/knee joint muscles, 395, 395f 
wrist/hand muscles, 236, 236f 
Lesser trochanter, 314f, 315 
Letting go of objects, 225 
Levator costarum muscle, 281 
Levator scapulae muscle 
Clinical Flexibility/Therapeutic Exercise for, 251 
head/neck muscles and, 295 
location, 81f, 82, 83t, 88-89, 95 
Lever arm, length of, 61-63 
Lever equation, 62f 
Leverage, increasing, 61-64 
Leverage systems, anatomical, 61-64, 70 
Levers, 58 
anatomical, 61-64, 70 
characteristics of, 60t 
classes of, 59-61, 59f 
components of, 58-59, 59f 
length of, 63f 
Lifting 
using elbow/radioulnar muscles, 165 
using hip/pelvic girdle muscles, 349-350 
using trunk/spinal column muscles, 278 
Ligaments; see specific joint 
Line of pull, 34, 35 
Linea alba, 283, 283f 
Linea aspera, 314f, 315 
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Linear motion, 65, 70 
Longissimus capitis muscle, 251, 275f, 295 
Longissimus dorsi muscle, 265, 267t 
Longitudinal axis, 7 
Longus capitis muscle, 270t 
Longus colli muscle, 273, 276t 
Loose-fist percussion, 396, 396f 
Lordosis, 260, 325 
Lower back; see also Trunk and spinal column 
problems, 331, 349-350 
structural perspectives of, 349, 360 
therapy for muscles of, 351-360 
trunk/spinal column muscles and, 275, 278, 280 
Lower extremities 
analysis of CFTE of, 457-463 
optimal movement and, 455-456, 463 
Lower limbs region, 4, 412f 
Lumbar extension, 19, 264, 266f 
Lumbar flexion, 264, 266 
Lumbar plexus, 36f 
functional application of, 38t 
hip/pelvis innervated by, 320, 324f 
lower limbs innervated by, 413f 
Lumbar spine motion, 265f, 3174 
Lumbar vertebrae, 259, 260-261f; see also 
Lower back 
Lumbosacral plexus, 320 
Lumbrical muscle 
foot, 4301 
hand, 217, 218f, 219 
Lunate, 190, 191f 


Maissiat's band, 330 
Malleoli, 404, 443, 444f 
Manubrium, 260 
Martial arts, 103 
Mass, 66, 68 
Massachusetts Institute of Technology, 29 
Massage, kinesiology in therapeutic, 3; see also 
Dimensional massage therapy 
Massage session; see Treatment protocol 
Mastoid process, therapy to, 304-305, 305f 
Mechanical advantage, 58 
equations for determining, 60 
length of (F)/(A) arms in, 60, 61-63 
pulley and, 64, 64f 
radius of wheel/axle and, 63-64 
Mechanical loading, 68, 71 
Mechanics, 58, 70 
Medial, 4 
Medial collateral ligament (MCL), 367 
Medial epicondylitis; see Epicondylitis, medial/lateral 
Medial/lateral femoral condyles, 365 
Medial longitudinal arch, 407 
Medial meniscus, 366 
Medial rotation; see Internal rotation 
Medial tibial condyle, 365 
Medial tibial stress syndrome, 437-438 
Median nerve, 161-162, 162f 
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Median nerve disorders, 179; see also Carpal tunnel 
syndrome 
compression, 204 
entrapment, 169, 200 
Median plane, 6 
Meissner's corpuscles, 39, 40-41, 42t 
Menisci, medial/lateral 
clinical information on, 380-381 
location, 366, 368f 
problems, 389 
Meralgia paresthetica, 389, 399 
Metabolism changes, 456 
Metacarpals 
dimensional massage therapy for, 233, 233f 
location, 190, 191f 
Metacarpophalangeal (MCP) joint, 191, 192f 
Metatarsals, 403 
Metatarsophalangeal (MP) joints, 406 
Midline, 3 
Midsagittal plane, 6 
Midstance phase, 403 
Misuse; see Overuse/misuse 
Models to determine muscle action, 34 
Moment arm, 61, 70 
Momentum, 68 
Moore, Thomas, 103 
Morton's foot structure, 437 
Motion; see also Planes of motion 
laws of, 64-66, 70-71 
principles of, 100, 112 
types of, 65 
Motion phase, 243 
Motor function, 36-37 
Motor neurons, 38 
Motor unit, 41-42, 42f, 43f, 48 
Movement phase, 243 
Movement, voluntary, 35, 48 
Movements; see Action, muscle; Body movements; Joint 
movements 
Multiarticular muscles, 47 
Multiaxial joint, 13 
Multifidi muscles 
Clinical Flexibility/Therapeutic Exercise 
for, 459 
clinical information on, 296 
location, 273 
origins/actions/innervations, 276t 
Multipennate muscles, 28, 28f 
Muscle fibers 
length of muscle and, 29 
number of, used in contraction, 42, 48 
Muscle groups; see also specific joint 
action by, 25, 29 
body movement and, 28-29, 48, 242 
development of, 246-247, 456 
as functional unit, 101 
overload principle and, 245-246, 253 
understanding of, 3 
Muscle mass, 456 
Muscle movement, science of, 2-3 
Muscle spindle, 39, 40f, 42t 


Muscle tension (biomechanics) 
development of, 42-43 
electrical stimulus and, 43f 
length of muscle and, 44, 44f, 45f, 48 
Muscle-tissue properties, 28, 48 
Muscles; see also specific muscle 
body of (gaster), 29 
innervation of, 29, 35 
nomenclature, 25, 47 
origin/insertion of, 29 
overdevelopment of large vs. smaller, 242 
reversal of function of, 34 
roles of, 33, 100-101, 112 
shape of, 25, 28, 28f, 47 
symptoms of problems with; see specific symptom, 
i.e., Weakness 
two-joint, 328, 372 
tying together roles of, 33-34, 48, 101 
types of, 46-47 
Muscular force components, 45-46; see also Force 
Muscular system; see also Neuromuscular system 
anterior view of, 26f 
knowledge of, 3 
movement and, 65 
posterior view of, 27f 
Musculocutaneous nerve, 161-162 
Musculoskeletal system 
kinetic chain concept and, 243-245, 2444, 245f 
mechanical aspects of, 58, 71 
mechanical forces acting on, 68 
proper maintenance of, 246-247 
Myofascial pain, 91, 350 
Myofascial pull, 107f, 146 
Myofascial stretch 
elbow/radioulnar muscles, 183, 183f 
hip/pelvic girdle muscles, 352, 352f 
leg/ankle/foot muscles, 445, 446f 
shoulder girdle muscles, 102, 107, 107f 
shoulder joint muscles, 145, 145f, 151 
thigh/knee joint muscles, 392, 392f, 
396, 396f 
wrist/hand muscles, 231f 
Myofascial twist 
hand/wrist (forearm) muscles, 233f 
wrist/hand muscles, 232-233 
Myotatic reflex arc, 39, 84 
Myotome, 37, 37-38t 


N 


Navicular; see Scaphoid 

Neck; see Head and neck 

Neck rock, 303, 304f 

Neck, stiff, 89, 271, 297 

Neck stretch 

shoulder girdle muscles, 106, 106f 
to the side for headache, 303, 303f 
Nerve compression, 82 
elbow/radioulnar joints, 179 
versus nerve entrapment, 228 
versus somatic pain, 143, 152 


wrist/hand joints, 204, 238; see also Carpal tunnel 
syndrome 
Nerve entrapment, 82 
ankle/foot, 439 
versus compression, 228 
elbow/radioulnar joints, 169, 171, 179 
head/neck, 297 
hip/pelvis, 335 
knee joint, 380 
wrist/hand joints, 200, 238 
Nerve impingement, 82 
Nerve strokes (technique), 101 
Neuromuscular activity 
muscle activity as, 35-38 
proprioception and, 39-41 
Neuromuscular system; see also Innervation of muscles 
concepts, in muscle response, 41-47, 48 
principles, in joint movement, 24-25, 47 
Neurons, 38 
Neutralizers, 33 
Newton, Sir Isaac, 65, 70 
Nucleus pulposus, 261 
Numbness, 93, 204 


O 


Ober's test, 388 
Oblique axis, 7 
Oblique plane, 6 
Obliquus capitis muscles, 270t 
Obturator internus/externus muscles 
clinical information on, 335-336 
dimensional massage therapy for, 359, 359f 
location, 319, 344 
origins/actions/innervations, 323t 
Obturator nerve, 321, 324f 
Occipital nerve entrapment, 297 
Occipital ridge, therapy to, 300, 301f 
Occipitofrontalis muscle 
dimensional massage therapy for, 300f 
tension headache and, 296 
Olympic hamstring tendon stretch, 397, 397f 
Open kinetic chain exercises, 244-245, 2441, 245f 
Opponens digiti minimi muscle, 217, 218f, 220t 
Opponens pollicis muscle, 217, 218f, 219t 
Opposite-side petrissage 
head/neck muscles, 302, 302f 
shoulder girdle muscles, 106, 106f£ 
Opposition of thumb, 20, 193 
Origin of muscles, 29; see also specific joint 
Osgood-Schlatter disease, 389, 399 
muscles involved in, 328, 372 
Osteoarthritis 
ankle/foot, 439 
cervical region, 298 
hip joint/pelvic girdle, 350 
thigh/knee joint muscles, 389-390 
wrist/hand joints, 228 
Outcomes; see Technique goals 
Outward rotation; see External rotation 
Overload principle, 245-246, 253 
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Overuse/misuse; see also Repetitive action injuries 

ankle/foot muscles, 437-439, 451 

elbow/radioulnar joint muscles, 166 

head/neck muscles, 297, 306 

hip/pelvic girdle muscles, 331, 360 

thigh/knee joint muscles, 389, 399 

wrist/hand muscles, 202, 206, 211-212, 215, 226-228, 237 
Ovoid joint, 12 


P 


Pacinian corpuscles, 39, 40, 42t 
Pain; see also Back pain/tension; Trigger points, active/ 
latent 
during active/passive movement, 142, 152 
assessing quality of, 143, 152 
compensatory, 135 
referred 
elbow/radioulnar muscles, 179-180 
head/neck muscles, 297-298 
hip joint/pelvic girdle, 338, 349, 350 
knee joint muscles, 377, 380, 389 
shoulder girdle muscles, 91, 94 
shoulder joint muscles, 135 
thigh/knee joint muscles, 389 
satellite, 130 
Palmar abduction, 20f 
Palmar circular friction, 393, 398, 398f 
Palmar flexion, 19, 192, 196f 
Palmar interossei muscles, 217, 218f, 219 
Palmaris longus muscle 
clinical information on, 200-201, 221 
location, 193, 197f 
origins/actions/innervations, 194t 
Palpation 
ankle/foot muscles, 429-430t 
to determine muscle action, 34 
elbow/radioulnar muscles, 162, 164, 166, 168-171 
hip/pelvic girdle muscles, 325, 327-328, 330-332, 334- 
335, 337-338, 340-341 
knee joint muscles, 372, 374-377, 379-380 
shoulder girdle muscles, 87, 89, 91-92, 94 
shoulder joint muscles, 125, 127, 129-133, 135 
trunk/spinal column muscles, 271, 273-274, 278, 280, 
284-286 
wrist/hand muscles, 200, 202-205, 207-210, 213-216, 
219-220t, 230-231 
Parallel muscles, 25, 28f 
Parallel thumbs, 102 
elbow/radioulnar muscles, 184, 184f 
hip/pelvic girdle muscles, 356, 356f, 358, 358f 
leg/ankle/foot muscles, 441, 442f 
shoulder girdle muscles, 111, 111f 
thigh/knee joint muscles, 394, 394f 
wrist/hand muscles, 231, 232f 
Passive insufficiency, 47 
Passive movement, 142 
hip/pelvic girdle muscles, 358, 358f 
leg/ankle/foot muscles, 444, 445f 
shoulder girdle muscles, 108, 108f 
shoulder joint muscles, 142 
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Passive shortening, 441, 441f, 442 
Passive stretching, 85 
Patella, 314f, 365, 366f 
Patellar tendon reflex, 41f 
Patellar tracking, 376, 388 
Pectineus muscle 
clinical information on, 340-341 
location, 320, 344 
origins/actions/innervations, 323t 
Pectoralis major muscle 
Clinical Flexibility/Therapeutic Exercise for, 249-250 
clinical information on, 133-135, 136 
dimensional massage therapy for, 148, 148-149f 
location, 121, 122f 
origins/actions/innervations, 123t 
Pectoralis minor muscle 
clinical information on, 92-95 
location, 81f, 82, 280f 
origins/actions/innervations, 83t 
Pelvic bones, 313, 313f 
Pelvic girdle; see Hip joint and pelvic girdle; Sacrum 
Pelvic rotation, 317t 
Pelvic tilt, 287 
Pennate muscles, 28 
Percussion; see Loose-fist percussion 
Periodization, 246 
Peripheral nervous system (PNS), 36-37 
Peroneal nerve 
affecting hip/pelvic girdle, 324f, 325 
affecting lower limb, 412, 413f, 414 
problems, 439, 451 
Peroneus brevis muscle 
clinical information on, 421-422 
dimensional massage therapy for, 441-442, 442f, 448- 
449, 450£ 
location, 409, 410f, 432 
origins/actions/innervations, 412t 
Peroneus longus muscle 
clinical information on, 420-421 
dimensional massage therapy for, 441-443, 442-443f, 
445f£, 448-449, 450f 
location, 409, 410f, 432 
origins/actions/innervations, 412t 
Peroneus tertius muscle 
clinical information on, 422-423 
dimensional massage therapy for, 441-442, 442f, 
448-449, 450f 
location, 409, 432 
origins/actions/innervations, 413t 
Pes anserinus, 341, 370 
Petrissage, 101 
elbow/radioulnar muscles, 181, 181f, 185 
head/neck muscles, 302, 302f 
hip/pelvic girdle muscles, 353, 353f, 358, 358f 
leg/ankle/foot muscles, 447 
shoulder girdle muscles, 104, 104f, 106, 106f, 
109, 110f 
shoulder joint muscles, 144, 145f, 151 
thigh/knee joint muscles, 394, 397, 397f 
wrist/hand muscles, 232, 232f 
Petrissage with distraction, 233, 233f 


Phalanges, 190, 191f, 403 

Phalanxes, 190, 191f, 404 

Physical activities; see Activities, physical 

Physical fitness, 246, 456 

Physio-ball wall squats, 462-463, 462-463f, 4631 

Picking up items, 206 

Pincer palpation, 102 

Pinched nerve; see Nerve compression 

Piriformis muscle 
clinical information on, 335-336 
dimensional massage therapy for, 359, 359f 
location, 319, 344 
origins/actions/innervations, 323t 

Piriformis syndrome, 350 

Pisiform, 190, 191f 

Pivot joint, 13, 14f 

Pivot-type joint, 156-157 

Plane joint, 12, 14f 

Plane suture, 10f 

Planes of motion, 4, 6, 6f, 20 

Plantar fascia, 442, 443f 

Plantar fasciitis, 418, 438 

Plantar flexion (extension), 17, 408 

Plantar interossei muscles, 430t 

Plantaris muscle, 409, 410f 

Plexuses, 36f, 37-38t; see also specific plexus 

Plica, 368 

Popliteus muscle 
clinical information on, 380-382 
location, 369, 383 
origins/actions/innervations, 372t 

Positions; see Reference positions 

Posterior, 4, 5f, 8f 

Posterior compartment, 409, 414-420, 431-432 

Posterior cruciate ligament (PCL), 366 

Posterior leg cramp, 438 

Posterior rotation, 317, 319f 

Posture; see also Shoulders, rounded; Sleep position 
hip/pelvic girdle muscles and, 325 
shoulder girdle balance, 77 
trunk/spinal column and, 278, 280 
upper-extremity dysfunctions, 242 
wrist/hand nerve problems, 228, 238 

Practitioner; see Therapist 

Preparatory phase, 243, 247 

Prepatellar bursitis, 367-368 

Pressing; see Keyboard practices 

Pressure with distraction, 444, 445f 

Prime/primary movers, 3, 33, 100 

Pronation, 17, 409 

Pronation (radial rotation), 17, 159, 160f 

Pronator quadratus muscle 
clinical information on, 170-171 
location, 159, 173 
origins/actions/innervations, 161 

Pronator teres muscle 
clinical information on, 169-170 
location, 159, 173 
origins/actions/innervations, 161t 

Pronator teres syndrome, 179 

Proprioception, 39-41, 48 


Proprioceptive neuromuscular facilitation (PNF) 
stretching, 85 

Proprioceptors, 39 

Prosthesis, knee joint, 390 

Protraction (abduction), 18, 80, 116t 

Proximal, 4 

Proximal interphalangeal (PIP) joint, 191, 192f, 406 

Psoas major/minor muscles, 319, 322t 

Pubis, 313, 313—314f 

Pull; see Angle of pull; Line of pull 

Pulleys, 64, 64f 

Pulling, 207 

Pushing, 225 


Q 


Q angle, 369, 371f 

Quadratus femoris muscle 
clinical information on, 335-336 
dimensional massage therapy for, 358, 359f 
location, 319, 344 
origins/actions/innervations, 323t 

Quadratus lumborum muscle 
Clinical Flexibility/Therapeutic Exercise for, 459 
clinical information on, 278-279 
dimensional massage therapy for, 354-355, 355f 
location, 265, 289 
origins/actions/innervations, 268t 

Quadratus plantae muscle, 430t 

Quadriceps muscles, 369 
Clinical Flexibility/Therapeutic Exercise for, 462-463, 

462f 
clinical information on, 372-377, 456 
dimensional massage therapy for, 391-393, 391-393f, 
395, 395f 

Quality of life 
lower-extremity movement and, 456 
upper-extremity movement and, 241-242 


R 


Radial deviation; see Radial flexion (radial deviation) 
Radial flexion (radial deviation), 19, 20f, 192 
Radial nerve, 161-162, 162f 
Radial nerve entrapment, 171, 179, 200 
Radial rotation; see Pronation (radial rotation) 
Radiate muscles, 28 
Radicular pain, 350 
Radioulnar joint; see Elbow and radioulnar joints 
Radius, 156 (missed), 156f 
Range of motion, 13-14 
active/passive activities for, 142, 152; see also Passive 
movement 
elbow, 158f 
fingers, 193f 
forearm, 158f 
functional unit and, 100-101 
hip, 316f£ 
knee, 369f 
maintaining, 82 
in mechanical advantage, 58 
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shoulder, 118f 
spine, 264-265f 
thumb, 195f 
wrist, 192f 
Reaction force, 66, 66f, 71 
Reciprocal innervation, 47 
Recovery phase, 243 
Recreational activities, conditioning for, 246-247 
Rectilinear motion, 65 
Rectus abdominis muscle 
Clinical Flexibility/Therapeutic Exercise for, 457-458 
clinical information on, 280, 283-284 
location, 265, 280f, 289 
origins/actions/innervations, 268t 
Rectus capitis muscles, 270t, 305 
Rectus femoris muscle 
Clinical Flexibility/Therapeutic Exercise for, 462 
clinical information on, 328-330, 372-374 
dimensional massage therapy for, 392f, 394, 395, 395f 
location, 319, 343, 369, 383 
origins/actions/innervations, 322t 
Reduction (extension), 19, 264 
Reference positions, 3, 3f, 20 
Referred pain; see Pain, referred 
Reflexes, functional application of, 37-38t 
Relaxation phase, 43, 247 
Repetitive action 
elbow/radioulnar joints, 155, 177-178 
wrist/hand joints, 190, 225 
Repetitive action injuries; see also Overuse/misuse 
elbow/radioulnar joints, 159, 169, 178-179 
dimensional massage therapy for, 229-237 
sequence of therapy for, 179-180 
wrist/hand joints, 202, 207-208, 211, 214, 226 
dimensional massage therapy for, 229-237 
sequence of therapy for, 229 
Reposition of thumb, 20, 193 
Resistance 
body levers and, 58-60, 59f, 60t 
in mechanical advantage, 58 
minimal/maximal, 42, 48 
torque and, 61-62, 62f 
Resistance arm, 61, 62f 
Resistance training, 456 
Respiration, muscles of, 280f 
Retraction (adduction), 18, 80, 116t 
Reverse-crunch flexion, 457, 458f, 458t 
Rhomboid major/minor muscles 
Clinical Flexibility/Therapeutic Exercise for, 247-249 
clinical information on, 89-91, 95 
dimensional massage therapy for, 109-111, 109-111f 
head/neck muscles and, 295 
location, 81f, 82 
origins/actions/innervations, 83t 
RICE (rest, ice, compression, elevation), 143, 438 
Rock and roll 
elbow/radioulnar muscles, 180, 180f 
shoulder joint muscles, 150, 151f 
thigh/knee joint muscles, 391, 391f 
Rolling friction (biomechanical), 67 
Rolling (technique); see Rock and roll 


510 Index 


Rotary motion, 65 
Rotation, 15-16; see also Axes of rotation 
elbow/radioulnar joints, 17, 155-156, 159, 160f 
hip joint/pelvic girdle, 317, 317t, 318-319f 
knee, 369 
shoulder girdle, 18, 80 
shoulder joint, 119-120 
trunk/spinal column, 19, 264, 266 
Rotation laterally; see External rotation 
Rotation medially; see Internal rotation 
Rotation (technique), 392, 392f 
Rotator cuff group 
muscles, 121, 126-127, 136 
impingement, 8l 
origins/actions/innervations, 123t 
tendons 
differentiating source of pain in, 130 
dimensional massage therapy for, 146, 146-147f 
Rotatores muscles, 273, 276t, 296 
Ruffini's corpuscles, 39, 40, 42t 
Running, marathon 
ankle/foot injuries, 424 
hip/pelvic girdle dysfunction, 331, 334 
law of reaction and, 66f 
thigh muscles and, 387 
Russian effleurage 
prone body position, 446, 447f 
supine body position, 440-441, 441f 


Ss 


Sacral plexus, 36f 
functional application of, 38t 
hip/pelvis innervated by, 320, 324f 
lower limbs innervated by, 412 
Sacroiliac dysfunctions, 331 
Sacroiliac joints, 315 
Sacrospinalis; see Erector spinae muscles 
Sacrum 


dimensional massage therapy for, 356, 356f, 359-360, 


360f 
location, 259, 260f, 313, 313f 
Saddle joint, 13, 14f 
Saddle-type joint, 191 
Safe practices; see Ergonomic practices 
Sagittal axis, 6 
Sagittal plane, 4, 6, 6f 


SAID (specific adaptations to imposed demands) prin- 


ciple, 246, 253 
Sarcopenia, 456 
Sartorius muscle 


Clinical Flexibility/Therapeutic Exercise for, 462-463 


clinical information on, 327-328 
dimensional massage therapy for, 395, 395f 
location, 319, 343, 369, 383 
origins/actions/innervations, 322t 

Satellite pain, 130 

Satellite trigger points, 102 

Scalenes muscles (anterior, medius, posterior) 


Clinical Flexibility/Therapeutic Exercise for, 251-252 


dimensional massage therapy for, 304f 


location, 280f 
origins/actions/innervations, 281 
referred pain and, 297-298 


Scaphoid, 190, 191f, 403 
Scapula 


accessory movements of, 80 

bony landmarks of, 9, 78f 

dimensional massage therapy for, 108-109, 109f 
location, 77, 77f 

opening, 145, 145f 


Scapular adduction 


actions during phases of, 249 
flexibility analysis, 248-249, 248f 


Scapulohumeral rhythm, 79 
Scapulothoracic joint, 79 
Scar tissue, knee joint, 381 
Sciatic nerve 


compression, 335 
entrapment, 380 

leg pain due to, 389, 399 
location, 325, 325f 
origin of, 412 


Sciatica, 350, 360 
Scoliosis, 260 

Screw joint, 13 

Sellar joint, 13 
Semimembranosus muscle 


Clinical Flexibility/Therapeutic Exercise for, 459-460 
clinical information on, 379-380 

location, 369, 383 

origins/actions/innervations, 371t 


Semispinalis capitis muscle, 251, 270t, 295 
Semispinalis cervicis muscle, 273, 276t, 295 
Semispinalis thoracis muscle, 273, 276t 
Semitendinosus muscle 


Clinical Flexibility/Therapeutic Exercise for, 459-460 
clinical information on, 377-379 

location, 369, 383 

origins/actions/innervations, 371t 


Sensory function, 36-37 
Sensory nerves, 36 

Sensory neurons, 38 

Sensory receptors, 42t 
Sequence, therapy, 102, 104, 112 


elbow/radioulnar muscles, 179-180 
forearm/wrist/hand muscles, 229 
hip joint/pelvic girdle muscles, 351 
leg/ankle/foot muscles, 440, 451-452 
shoulder joint muscles, 144-147 

for tension headache, 299-305, 306 
thigh/knee joint muscles, 390-391 


Serrate suture, 10f 
Serratus anterior muscle 


Clinical Flexibility/Therapeutic Exercise for, 249 
clinical information on, 91-92 

dimensional massage therapy for, 112, 147 
location, 81f, 82, 95 
origins/actions/innervations, 83t 


Serratus posterior muscles, 281t 
Sesamoid, 365 
Sesamoids, 404 


Shaking 
ankle, 444, 446f 
wrist, 237, 237f 
Shaping; see Closed-palm shaping 
Sherrington's law, 66, 85 
Shiatsu, 103 
Shin splints, 417, 424, 437-438 
Shoes, ankle/foot problems and, 414, 426, 437 
Short cross stroke, 234, 234f 
Shortening; see Active shortening; Passive shortening 
Shoulder girdle, 76-77, 94 
bones/landmarks, 77, 77-78f, 94 
joints, 78-79, 78—79f, 94 
ligaments, 77-78f 
movements, 79-81, 80f, 94 
clinical flexibility analysis of, 249t, 250t, 4601 
shoulder joint and, 81, 101, 116t, 143, 152 
terms describing, 17-18 
muscles, 81-82, 81f, 94, 122f 
Clinical Flexibility/Therapeutic Exercise for, 
248-249, 248f 
clinical information on, 86-94 
deep-tissue therapy/sequence for, 101-102, 104, 112 
dimensional massage therapy for, 104-112, 179-180, 229 
head/neck muscles and, 294 
innervations/actions, 82, 83-84f, 83t, 94 
origins/insertion, 83t 
problems, 81-82; see also clinical information on 
Shoulder joint, 115-118, 117f, 136 
bones/landmarks, 116, 117f, 136 
ligaments, 117, 117£ 
movements, 119-121, 136 
axes of rotation of, 7f 
clinical flexibility analysis of, 249t, 250t, 4601 
ranges of, 118f, 142 
shoulder girdle and, 81, 101, 116t, 143, 152 
terms describing, 18 
muscles, 121, 122f, 136 
clinical information on, 124-136 
dimensional massage therapy for, 144-152, 144-151f, 
179-180 
innervations/actions, 1231, 124f, 136 
origins/insertion, 123t 
problems, 142-143, 152; see also clinical information on 
Shoulders, rounded 
shoulder girdle and, 77, 93 
therapy for, 89, 125, 133-134 
Side bending; see Lateral flexion (side bending) 
Side-lying stretch, 147, 148f 
Sideward elevation; see Diagonal abduction 
SITS (rotator cuff muscles), 126 
Skeletal system, 8-9 
functions, 9 
summary, 20-21 
views, 8f 
Skiing, 364, 426 
Skin rolling, 231 
Skull, 9 
Sleep position 
neck problems and, 271 
wrist/hand nerve problems and, 204, 228, 238 
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Sliding-filament theory, 29, 30f, 31, 48 
Slipped disk; see Herniated nucleus pulposus 
Snuffbox, anatomical; see Extensor pollicis longus muscle 
Soft-tissue issues 
elbow/radioulnar joint, 178-179 
low back/pelvic muscles, 349-350 
neck, 297 
wrist/hand joints, 227 
Soleus muscle 
clinical information on, 415-416 
dimensional massage therapy for, 444-445, 446-447f 
location, 409, 410f, 431 
origins/actions/innervations, 412t 
Somatic pain, 143, 152 
Soreness 
hip/pelvic girdle muscles, 325, 334 
wrist/hand muscles, 212 
Specificity, 246, 253 
Speed, 65, 70 
Spheroidal joint, 13 
Sphincter muscles, 28 
Spinal column; see Vertebral column 
Spinal cord, 36 
Spinal nerves, 36-37, 36f 
functional application of, 37-38t 
in spinal column, 269 
Spinalis dorsi muscle 
location, 265 
origins/actions/innervations, 267t 
Splenius capitis/cervicis muscles 
clinical information on, 271, 273-274 
head/neck muscles and, 295 
location, 265, 289 
origins/actions/innervations, 267t 
Splinting, 101 
Sprains 
ankle/foot, 406, 420-422, 426, 438, 440 
hand/wrist, 226 
knee, 389 
Sprinting, 340, 387 
Spurs, 228 
Stability, 67-68, 71, 76-77 
Stabilization; see Trunk stabilization 
Stabilizers (muscles), 33, 93, 100 
Stance phase, 243, 403, 404f 
Static equilibrium, 67, 71 
Static friction (biomechanical), 67 
Static stretching, 85 
Statics, 58, 70 
Sternal attachments, 149f 
Sternoclavicular (SC) joint, 78, 78f 
Sternocleidomastoid (SCM) muscle 
chronic tension and, 87 
Clinical Flexibility/Therapeutic Exercise for, 251-252 
clinical information on, 271-272, 296 
dimensional massage therapy for, 303-304, 304f 
location, 265, 270f, 280f, 289 
origins/actions/innervations, 267t 
Stiffness, muscle; see Neck, stiff; Tension, chronic 
Straddle (technique), 110, 110f 
Straight-leg hamstring stretch, 459-460, 460f 
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Straight-leg hip hyperextension, 461, 461f, 4611 
Strains, muscle 
abdominal, 280 
ankle/foot, 438-439 
elbow/radioulnar, 165 
hip joint/pelvic girdle, 338 
trunk/spinal column, 275, 278 
wrist/hand, 203, 207, 208, 226 
Strap muscles, 28, 327 
Strength, muscular, 242, 246, 456 
Strengthening 
elbow/radioulnar muscles, 164-168, 170-172 
hip/pelvic girdle muscles, 327, 329-331, 334-335, 
338-339, 341-342 
knee joint muscles, 373, 375-377, 379-381 
optimal movement and, 241-242 
overload principle in, 245-246 
shoulder girdle muscles, 88-94 
shoulder joint muscles, 125-126, 128-133, 135-136 
trunk/spinal column muscles, 271, 273, 276, 278, 284, 
286, 288 
wrist/hand muscles, 201-202, 204-206, 207-210, 
212-217 
Strengthening analysis 
lower extremities, 457-459, 461-463 
upper extremities, 248-252 
Stretch reflex, 39, 41f 
Stretching, therapeutic, 82-83, 85; see also Active Isolated 
Stretching (AIS); Myofascial stretch 
excessive little-finger, 214 
head/neck muscles, 300-301, 301f 
hip/pelvic girdle muscles, 355, 355f 
leg/ankle/foot muscles, 445, 445-446, 447f 
lower-extremity flexibility analysis, 459-460, 460f 
lower-extremity muscles, 462, 462f 
shoulder girdle muscles, 105-107, 105f, 109, 109f, 
111-112, 111f£ 
shoulder joint muscles, 147-148, 147-148f, 150-151, 
151f 
thigh/knee joint muscles, 398 
upper-extremity muscles, 247 
Stripping 
elbow/radioulnar muscles, 182, 182f, 184-185, 184-185f 
hip/pelvic girdle muscles, 357, 357f 
leg/ankle/foot muscles, 441-442, 441-442f, 447-449, 450f 
shoulder girdle muscles, 105, 105f, 109-110, 
110-111f, 112 
shoulder joint muscles, 149, 150f 
Swedish, 102, 229 
thigh/knee joint muscles, 395, 395f, 397, 397f 
wrist/hand muscles, 234-235, 235f 
Stroking, 101 
forearm muscles, 395f, 398 
wrist/hand fascia, 234, 234f 
Structural kinesiology, 3 
Subacute, 143, 152 
Subacute flare-ups, 178 
Subclavius muscle 
clinical information on, 93-94, 95 
location, 81f, 82 
origins/actions/innervations, 83t 


Subcostales muscle, 281t 
Subluxations 
cervical, 228, 298, 350 
lumbar/sacroiliac, 350 
Submaximal stimuli, 43 
Suboccipital muscles 
dimensional massage therapy for, 305 
origins/actions/innervations, 270t 
tension headache and, 296 
Subscapularis muscle 
clinical information on, 130-132 


dimensional massage therapy for, 149, 150f 


location, 121, 122f, 136 
origins/actions/innervations, 123t 
Subtalar tarsal joint, 406 
Subthreshold stimulus, 42 
“Suitcase” muscle, 127 
Superficial, 4t 
Superior, 4 
Superior peroneal retinaculum, 438 
Supination, 17, 409 
Supination (ulnar rotation), 17, 159, 160f 
Supinator muscle 
clinical information on, 171-172 
location, 159, 160f, 173 
origins/actions/innervations, 161 
Supraspinatus muscle 
clinical information on, 127-128 
locating trigger point of, 145, 146f 
location, 121, 122f, 136 
origins/actions/innervations, 123t 
Surgical intervention (knee joint), 390 
Suture, 10, 10f 
Swedish techniques, 101, 229 
Swing phase, 403, 404f 
Symphysis, 11 
Symphysis pubis, 315 
Synarthrodial joints, 10-11 
Synchondrosis, 11 
Syndesmosis, 10, 11f 
Synergists, 33, 100 
Synovial joints 
defined, 10 
simple, 13f 
types of, 11-13, 14f 


T 


Tailbone; see Coccyx 
Talocrural joint, 406 
Talus, 403 
Tapotement, 101 
feet, 450-451, 451f 
forearm muscles, 236, 236f 
thigh/knee joint muscles, 398 
Tarsals, 403 
Tearing of muscle, 338 
Technique goals, 101, 112 
Temple lift, 300f 
Temporalis muscle, 296, 299, 299f 


Temporomandibular joint (TMJ) syndrome, 296 


Tenderness; see also Trigger points, active/latent 
elbow/radioulnar muscles, 166 
wrist/hand joints, 202-203, 207-208 
Tendinous inscriptions, 283 
Tendon repair surgery, 200 
Tendon sheaths, 227 
Tendonitis 
elbow/radioulnar joints, 159, 163, 166, 171, 178 
knee joint, 377 
shoulder girdle, 81 
shoulder joint, 129, 130 
wrist/hand joints, 208, 226-227, 237 
Tendonosis 
elbow/radioulnar joints, 166, 171 
shoulder joint, 130 
wrist/hand joints, 208, 227, 237 
Tendons, 29; see also specific joint 
Tennis elbow, 178 
causes of, 209-210 
dimensional massage therapy for, 171 
muscles involved in, 159, 168 
Tennis swing, 166 
Tenosynovitis 
ankle/foot joints, 419 
wrist/hand joints, 216, 227, 237 
Tension (biomechanics); see Muscle tension (biomechanics) 
Tension, chronic 
hip/pelvic girdle muscles, 325 
knee muscles, 374 
leg/foot muscles, 417, 424, 426 
neck muscles, 272 
shoulder girdle muscles, 87, 89 
Tension headache, 299-306 
Tensor fasciae latae (TFL) muscle 
Clinical Flexibility/Therapeutic Exercise for, 462-463 
clinical information on, 330-331 
dimensional massage therapy for, 359, 359f, 393, 394f 
location, 319, 343 
origins/actions/innervations, 322t 
Teres major muscle 
clinical information on, 132-133 
dimensional massage therapy for, 146, 147f 
location, 121, 122f, 136 
origins/actions/innervations, 123t 
Teres minor muscle 
clinical information on, 129-131 
location, 121, 122f, 136 
origins/actions/innervations, 123t 
Teres minor tendon, locating, 146, 146f 
Tetanus, muscle, 44f 
Thenar eminence, 217 
Therapist 
attitude of, 229 
body mechanics and, 103, 215 
overuse of thumbs by, 215 
therapeutic skills of, 102 
to understand kinetic chain, 101 
Thigh muscles; see also Hip joint and pelvic girdle 
clinical information on, 337-342, 344, 387-389, 399 
cross section of, 324f 
dimensional massage therapy for, 390-398 
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knee joint and, 388 
location, 320-321f 
problems, 332, 334 
Thoracic nerves, 36f 
Thoracic outlet syndrome, 93 
Thoracic vertebrae, 259, 260-261f, 265f 
Thorax; see also Trunk and spinal column 
bones/landmarks, 260, 262f 
muscles, 279, 280f, 2811, 289 
Threshold stimulus, 42, 43f 
Throwing 
functional application of, 69, 69f, 71 
phases of, 243, 243f 
Thumb; see also Weeder's thumb; Wrist and hand joints 
hyperextendable, 215 
opposition/reposition of, 20, 193 
overuse of, 215 
range of motion of, 195f 
Thumb friction, 354, 354f 
Thumb stripping, 234, 234f 
Thumbs-up flexion, 249-250, 250t 
Tibia, 365, 367f, 368f 
Tibial nerve 
affecting hip/pelvic girdle, 324f, 325 
affecting lower limb, 412, 413f, 414 
Tibial plateaus, 365 
Tibial tuberosity, 365 
Tibialis anterior muscle 
clinical information on, 424-425 
location, 409, 410f, 432 
origins/actions/innervations, 413t 
Tibialis anterior tendon 
deep transverse friction to, 443, 445f 
stripping, 441, 441f 
Tibialis posterior muscle 
clinical information on, 416-418 
location, 409, 431 
origins/actions/innervations, 412t 
Tibiofibular joint, 405-406 
Tightness; see Tension, chronic 
Tilt, scapular, 80 
Tingling, 93, 204 
Toe movements, 407f, 408-409, 419; see also Ankle and 
foot joints 
Toe-off phase, 403 
Torque, 61-63, 62f, 70 
Torque arm, 61, 70 
Torticollis, 297 
Touch Research Institute, 297 
Traditional kinesiology, 456 
Translatory motion, 65 
Transverse abduction/adduction; see Horizontal abduction 
(extension); Horizontal adduction (flexion) 
Transverse arch, 408, 420 
Transverse plane, 4, 6, 6f 
Transverse rotation, 317, 319f 
Transverse tarsal joint, 406 
Transversus abdominis muscle 
clinical information on, 286-288 
location, 265, 289 
origins/actions/innervations, 268t 
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Transversus thoracis muscle, 281t 


Trapezium, 190, 191f 
Trapezius muscle 
Clinical Flexibility/Therapeutic Exercise for, 248-249, 
251 
clinical information on, 86-88 
dimensional massage therapy for 
shoulder girdle, 104-107, 104-107f, 109, 109f, 111, 
111f 
shoulder joint, 144-145, 145f 
tension headache, 301-303, 302-303f 
head/neck muscles and, 295 
location, 81f, 82, 95 
origins/actions/innervations, 83t 
Trapezoid, 190, 191f 
Treatment protocol, 101, 112 
ankle/foot muscles, 440 
contraindications to, 141, 152 
forearm muscles, 179-180 
head/neck muscles, 298 
hip/pelvic girdle muscles, 351 
low-back muscles, 349 
thigh/knee joint muscles, 391 
wrist/hand muscles, 230 
Trendelenburg test, 403 
Treppe, 43, 44f 
Triangular muscles, 28f 
Triceps brachii muscle 
clinical information on, 166-168 
dimensional massage therapy for, 180-182, 180-182f 
location, 122f, 159, 159f, 160f, 172 
origins/actions/innervations, 161t 
Triceps surae muscle, 409, 414 
Triceps tendon, broad strip to, 182, 182f 
Trigger point release, 102 
Trigger points, active/latent, 102 
hip/pelvic girdle muscles, 334, 350, 354-356, 355f, 
359, 359f 
leg/ankle/foot muscles, 444 
shoulder girdle muscles, 89, 91, 94, 111-112 
shoulder joint muscles, 131, 145, 146f 
thigh/knee joint muscles, 389, 396, 398 
Triquetrum, 190, 191f 
Trochoginglymus joint, 365 
Trochoid joint, 13, 156-157 
Trunk and spinal column, 258-259, 288, 293-294, 306; 
see also Abdominal wall; Head and neck; Thorax; 
Vertebral column 
bones/landmarks, 259-260, 260-263f, 288 
joints, 260-263, 288 
movements 
clinical flexibility analysis of, 458t, 460t, 4611 
ranges of, 264-265f 
terms describing, 19 
types of, 264, 266, 288 
muscles, 265, 288 
Clinical Flexibility/Therapeutic Exercise for, 457, 457f 
clinical information on, 271-288 
innervations/actions, 267-2638t, 288 
origins/insertion, 267-268t, 289 
thigh muscles and, 388 


Trunk region, 4 

Trunk stabilization, 459, 459f, 4601 
Twisting; see Myofascial twist 
Twitch, muscle, 43f, 44f 


U 


Ulna, 156, 156f 
Ulnar flexion (ulnar deviation), 20, 193 
Ulnar nerve, 199, 200f 
Ulnar nerve compression, 179 
Ulnar rotation; see Supination (ulnar rotation) 
Uniarticular muscles, 46 
Unipennate muscles, 28, 28f 
Unwinding 
forearm muscles, 229, 238 
head/neck muscles, 298, 306 
hip/pelvic girdle muscles, 360 
leg/ankle/foot muscles, 439-440, 451 
low-back muscles, 351, 360 
shoulder girdle muscles, 104 
thigh/knee joint muscles, 390-391, 399 
trunk/spinal column muscles, 275 
Unwinding the twine, 148-149, 149f 
Upper extremities 
American culture and, 242 
analysis of CFTE of, 247-252 
optimal movement and, 241-242, 252-253 
Upper limbs region, 4 
Upward rotation, 18, 80, 116t 


V 


Valsalva maneuver, 247 

Vastus intermedius muscle 
Clinical Flexibility/Therapeutic Exercise for, 462 
clinical information on, 372, 375-376 
location, 369, 383 
origins/actions/innervations, 371t 

Vastus lateralis muscle 
Clinical Flexibility/Therapeutic Exercise for, 462 
clinical information on, 372, 374-375 
dimensional massage therapy for, 394, 394f 
location, 369, 383 
origins/actions/innervations, 371t 

Vastus medialis muscle 
Clinical Flexibility/Therapeutic Exercise for, 462 
clinical information on, 372, 376-377 
location, 369, 383 
origins/actions/innervations, 371t 

Velocity, 65, 70 

Velocity-force relationship, 44-45, 45f, 48 

Ventral, 4, 5f 

Vertebrae 
articulated, 263f 
bone shapes of, 261f 
structure of, 264f 

Vertebral column; see also Trunk and spinal column 
bones/landmarks, 259, 260f 
curvatures of, 260 
dimensional massage therapy for, 110, 110f 


muscles acting on, 274-279, 275-276f, 289 
muscles of 
location, 265, 269, 273-274, 289 
origins/actions/innervations, 267-268t, 276t 
Vertical axis, 7 
Vibration, 101 
elbow/radioulnar muscles, 183 
shoulder girdle muscles, 112 
shoulder joint muscles, 151 
thigh/knee joint muscles, 394, 394f, 398, 398f 
wrist/hand tendons, 233 


W 


Walking; see Gait cycle; Gait issues 

Water on the knee, 368 

Weakness 
ankle/foot muscles, 426 
gait assessment for, 403 
hip/pelvic girdle muscles, 328 
knee joint (going down stairs), 372 
upper-extremity, 242 

Weeder's thumb, 207 

Western techniques, classical, 101 

Wheels, 63-64, 63f 

Whiplash, 272, 297 

Wind-up phase, 243 
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Windshield wipe, 443, 444f 
Wringing 
leg/ankle/foot muscles, 449, 450f 
thigh/knee joint muscles, 393, 393f 
Wrist and hand joints, 190, 191, 192-193f, 220 
bones/landmarks, 190-191, 191f, 220 
movements 
clinical flexibility analysis of, 249t, 250t 
ranges of, 192-193f, 195f 
terms describing, 19-20 
types, 191-193, 196£, 220 
muscles 
clinical information on, 200-217, 221 
dimensional massage therapy for, 229-237, 238 
extrinsic, 193, 194-195t, 197-199 
flexor/extensor, 197-198f, 221 
innervations/actions, 194-195t, 199-200, 199-200f, 
219-220, 221 
intrinsic, 217-218, 218f, 219-220t 
origins/insertion, 194-195t, 219-220t, 220 
problems, 226-229, 237; see also clinical information on 
tendons/ligaments, 191, 193f, 197, 197-199f, 231-234 
Wry neck, 297 


X 
Xiphoid process, 260 
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copyright 2009, McGraw-Hill: Table 2.1-Muscle Contraction and 
Movement Matrix; Table 2.2-Spinal Nerve Root Dermatomes, Myo- 
tomes, Reflexes, and Functional Application; and Table 2.3-Sensory 
Receptors; Figures: 2.15; & 2.17 

Adapted from: Hall SJ: Basic Biomechanics of Human Motion, 10% 
edition, NY, copyright 2003, McGraw-Hill: Figure: 2.18 

Adapted from: Powers SK, Howley ET: Exercise Physiology: Theory 
and Application to Fitness and Performance, 4 edition, NY, copy- 
right 2001, McGraw-Hill: Figures 2.12; & 2.13 

Adapted from: Seeley RR, Stephens TD, Tate P: Anatomy & Physi- 
ology, 7 edition, NY, copyright 2006, McGraw-Hill: Figures: 2.11; 
& 2.14 

Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5 edition, NY, copyright 2010, McGraw-Hill: Figures: 2.1; 
2.2; 2.3; 2.4; 2.6; 2.7; 2.8; 2.9; & 2.10 


Chapter 3 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, copy- 
right 2009, McGraw-Hill: Table 3.1-Classification of Levers and 
Characteristics of Each; Figures: 3.3; 3.4; 3.5; 3.6; 3.7; 3.8; 3.9; 
3.10; & 3.13 

Adapted from: Hamilton N, Luttgems K: Kinesiology: Scientific 
Basis of Human Motion, 6* edition, NY, copyright 2002, McGraw- 
Hill: Figure: 3.12 

Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5 edition, NY, copyright 2010, McGraw-Hill: Figures: 3.1; 
& 3.2 


Chapter 4 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Figures: 

Adapted from: Ernest W. Beck: Figures: TA 4.1; TA 4.2; TA 4.3; & 
TA 4.5 

Adapted from: Linda Kimbrough: Figures: 4.1; 4.2A; TA 4.4A&B; 
& TA 4.6 

Adapted from: Shier D, Butler J, Lewis R: Holes Human Anatomy 
and Physiology, 9! edition, NY, copyright 2002, McGraw-Hill: Fig- 
ure: 4.2B 

McKinley, M: Human Anatomy, 2" edition, NY, copyright 2008, 
McGraw-Hill: Figures: 4.3; 4.4; 4.5; 4.6; 4.7; & 4.8 


Chapter 6 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Table 6.1-Pairing of Shoulder Girdle 
and Shoulder Joint Movements; Figures: 

Adapted from: Ernest W. Beck: Figures: TA 6.11; TA 6.17; & 
TA 6.19 

Adapted from: Ernest W. Beck with inserts with Linda Kimbrough: 
Figure: TA 6.16 

Adapted from: Booher JM, Thibodeau GA, Arhletic Injury Assess- 
ment, 4 edition; Dubuque, IA; copyright 2003; McGraw-Hill: Fig- 
ure: 6.4 

Adapted from: Linda Kimbrough: Figures: 6.1; 6.2; 6.3; TA 6.13; 
TA 6.14; TA 6.15; TA 6.18; & TA 6.20 


Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5* edition, NY, copyright 2010, McGraw-Hill: Figures: 6.5; 
6.6; & TA 6.12 


Chapter 8 


Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5t* edition, NY, copyright 2010, McGraw-Hill: Figures: 8.1; 
8.3; 8.6; 8.7; 8.8; & 8.9 

Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Figures: 

Adapted from: Booher JM, Thibodeau GA, Athletic Injury Assess- 
ment, 4 edition, Dubuque, IA, copyright 2003, McGraw-Hill: Fig- 
ures: 8.4 & 8.5 

Adapted from: Linda Kimbrough: Figures: 8.2; TA 8.1; TA 8.2; 
TA 8.3; TA 8.4; TA 8.5; TA 8.6; TA 8.7; & TA 8.8 

Adapted from: Van De Graaff KM: Human Anatomy, 6 edition, 
Dubuque, IA, copyright 2002, McGraw-Hill: Figures: 8.10; & 8.11 


Chapter 10 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Table 10.2-Intrinsic Muscles of the 
Hand; Figures: 

Adapted from: Booher JM, Thibodeau GA, Athletic Injury Assess- 
ment, 4 edition, Dubuque, IA, copyright 2003, McGraw-Hill: Fig- 
ures: 10.3; 10.5; & 10.6 

Adapted from: Linda Kimbrough: Figures: 10.2; TA 10.1; TA 10.2; 
TA 10.3; TA 10.4; TA 10.5; TA 10.6; TA 10.7; TA 10.8; TA 10.9; 
TA 10.10; TA 10.11; TA 10.12; TA 10.13; TA 10.14; & TA 10.15 
Adapted from: Van De Graaff KM: Human Anatomy, 6 edition, 
Dubuque, IA, copyright 2002, McGraw-Hill: Figures: 10.4 & 10.11 
Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5 edition, NY, copyright 2010, McGraw-Hill: Figures: 10.1; 
10.8; 10.9; 10.10; &10.12 


Chapter 12 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Table 12.1-Differences between 
Open- and Closed-Chain Exercises 

**Adapted from Ellenbecker TS, Davies GJ: Closed Kinetic Chain 
Exercise: A Comprehensive Guide to Multiple-Joint Exercise, Cham- 
paign, IL, 2001, Human Kinetics 


Chapter 13 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Table 13.2-Muscles That Move the 
Head; Table 13.3-Muscles of the Vertebral Column; Table 13.4- 
Muscles of the Thorax; Figures: 

Adapted from: Booher JM, Thibodeau GA, Athletic Injury Assess- 
ment, 4 edition; Dubuque, IA; copyright 2003; McGraw-Hill: Fig- 
ures: 13.8 & 13.9 

Adapted from: Ernest W. Beck: Figure: TA 13.6 

Adapted from: Linda Kimbrough: Figures: TA 13.1; TA 13.2; 
TA 13.3; TA 13.4; TA 13.5; TA 13.7; TA 13.8; & TA 13.9 

Adapted from: Seeley RR, Stephens TD, Tate P: Anatomy & Physiol- 
0ey, 7 edition, NY, copyright 2006, McGraw-Hill: Figure: 13.14 
Adapted from: Seeley RR, Stephens TD, Tate P: Anatomy & Physiol- 
oey, 8" edition, NY, copyright 2008, McGraw-Hill: Figure: 13.1 
Jurch, S: Clinical Massage Therapy, 1* edition, NY, copyright 2009, 
McGraw-Hill: Figure: 13.12 

Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5 edition, NY, copyright 2010, McGraw-Hill: Figures: 13.2; 
13.3; 13.4; 13.5; 13.6; 13.7; 13.11; 13.13; 13.15; 13.16; & 13.17 
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Chapter 15 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Table 15.1-Motions Accompanying 
Pelvic Rotation; Figures: 

Adapted from: Booher JM, Thibodeau GA, Arhletic Injury Assess- 
ment, 4 edition, Dubuque, IA, copyright 2003, McGraw-Hill: Fig- 
ure: 15.5 

Adapted from: Ernest W. Beck: Figure: 15.11 

Adapted from: Linda Kimbrough: Figures: TA 15.1; TA 15.2; TA 15.3; 
TA 15.4; TA 15.5; TA 15.6; TA 15.7; TA 15.8; TA 15.9; TA 15.10; 
TA 15.11; TA 15.12; & TA 15.13 

Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5 edition, NY, copyright 2010, McGraw-Hill: Figures: 15.1; 
15.2; 15.3; 15.4; 15.8; 15.9; 15.10; 15.12; & 15.13 


Chapter 17 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Figures: 

Adapted from: Hamilton N, Weimar W, Luttgems K: Kinesiology: 
Scientific Basis of Human Motion, 11 edition, NY, copyright 2008, 
McGraw-Hill: Figure: 17.4 


Adapted from: Linda Kimbrough: Figures: 17.6; TA 17.2; TA 17.3; 
TA 17.4; 17.7; TA 17.5; TA 17.6; TA 17.7; & TA 17.8 

Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5 edition, NY, copyright 2010, McGraw-Hill: Figures: 17.1; 
17.2; 17.3; & TA 17.1 


Chapter 19 


Floyd, RT: Manual of Structural Kinesiology, 17 edition, NY, 
copyright 2009, McGraw-Hill: Table 19.2-Intrinsic Muscles of the 
Foot; Figures: 

Adapted from: Booher JM, Thibodeau GA, Athletic Injury Assessment, 
4 edition, Dubuque, IA, copyright 2003, McGraw-Hill: Figure: 19.5 
Adapted from: Ernest W. Beck: Figures: TA 19.9; TA 19.10; TA 19.11; 
TA 19.12; TA 19.13; TA 19.14; TA 19.15; TA 19.17; TA 19.18; & 
TA 19.19 

Adapted from: Linda Kimbrough: Figure: TA 19.16 

Jurch, S: Clinical Massage Therapy, 1* edition, NY, copyright 2009, 
McGraw-Hill: Figure: 19.1 

Saladin, KS: Anatomy & Physiology: The Unit of Form and Func- 
tion, 5 edition, NY, copyright 2010, McGraw-Hill: Figures: 19.2; 
19.3; 19.4; 19.6A; 19.7; 19.8; 19.9; 19.10; 19.11; & 19.12 


Worksheet 


chapter 4 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheet 1 
Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively, and draw in the origin and insertion on the 
contralateral side of the skeleton. 
a. Trapezius d. Levator scapulae 
b. Rhomboid major and minor e. Pectoralis minor 


c. Serratus anterior 
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Worksheet 


chapter 4 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheet 2 


Label each of lines 1 through 6 on the drawing with the letter, from the following list, that corresponds to the 
movements of the shoulder girdle indicated by the arrow. 


a. Adduction (retraction) d. Rotation downward 
b. Abduction (protraction) e. Elevation 
c. Rotation upward f. Depression 


On the lines below, which correspond to the numbers of the arrows above, list the muscles or parts of muscles 
primarily responsible for causing the movements. 


1. 


ș. 
3 
4. 
5 
6 
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Worksheet 


chapter 6 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheei 1 


Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively, and draw in the origin and insertion on the 
contralateral side of the skeleton. 


a. Deltoid f. Teres minor 

b. Supraspinatus g. Latissimus dorsi 
c. Subscapularis h. Pectoralis major 
d. Teres major i. Coracobrachialis 
e. Infraspinatus 
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Worksheet 


chapter 6 


For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheet 2 


Label and indicate with arrows the following movements of the shoulder joint. For each motion, complete the 
sentence by supplying the plane in which it occurs and the axis of rotation. 


a. Abduction occurs in the plane about the 


b. Adduction occurs in the plane about the 


c. Flexion occurs in the plane about the 


d. Extension occurs in the plane about the 
e. Horizontal adduction occurs in the plane about the 


plane about the 


f. Horizontal abduction occurs in the 


i) 
4 
1 
1 
1 
E 


Le 
pa 
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Worksheet 


chapter 8 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 
Worksheet 1 


Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively. 


a. Biceps brachii e. Supinator 

b. Brachioradialis f. Triceps brachii 

c. Brachialis g. Pronator quadratus 
d. Pronator teres h. Anconeus 
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Worksheet 


chapter 8 


For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheet 2 


Label and indicate by arrows the following movements of the elbow and radioulnar joints. Then below, for each 
motion, list the agonist muscles, the plane in which the motion occurs, and its axis of rotation. 


1. Elbow joints 
a. Flexion 


b. Extension 


2. Radioulnar joints 


a. Pronation 


b. Supination 


1. a. The 
plane about the 

b. The 
plane about the 

2. a. The 
plane about the 

b. The 


plane about the 


muscle(s) cause(s) 


axis. 
muscle(s) cause(s) 

axis. 
muscle(s) cause(s) 

axis. 
muscle(s) cause(s) 


axis. 
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Worksheet 


chapter 10 


For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheei 1 


Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively. 


„ Flexor pollicis longus 

. Flexor carpi radialis 

„ Flexor carpi ulnaris 

„ Extensor digitorum 

„ Extensor pollicis longus 
Extensor carpi ulnaris 

. Extensor pollicis brevis 


> e no 20 9 pp 


. Palmaris longus 


i. Extensor carpi radialis longus 
j. Extensor carpi radialis brevis 
k. Extensor digiti minimi 

]. Extensor digitorum indicis 
m. Flexor digitorum superficialis 
n. Flexor digitorum profundus 
o. Abductor pollicis longus 
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Worksheet 


chapter 10 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheet 2 


Label and indicate with arrows the following movements of the wrist and hands. For each motion, list the ago- 
nist muscles, the plane in which the motion occurs, and its axis of rotation. 


a. Flexion b. Extension 
c. Abduction (ulnar flexion) d. Adduction (radial flexion) 


a. The muscle(s) cause(s) to occur în the 
plane about the axis. 

b. The muscle(s) cause(s) to occur in the 
plane about the axis. 

c. The muscle(s) cause(s) to occur în the 
plane about the axis. 

d. The muscle(s) cause(s) to occur în the 
plane about the axis. 
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Worksheet 


chapter 13 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 
Worksheet 1 


Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively, and draw in the origin and insertion on the 
anterior view as applicable. 


. Rectus abdominis 
. External oblique abdominal 
. Internal oblique abdominal 


2 O 99 


. Sternocleidomastoid 
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Worksheet 


chapter 13 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheet 2 
Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively, and draw in the origin and insertion on the 
posterior view as applicable. 
a. Erector spinae 
b. Quadratus lumborum 
c. Splenius—cervicis and capitis 
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Worksheet 


chapter 15 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 
Worksheet 1 


Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively, and draw in the origin and insertion on the 
contralateral side of the skeleton. 


a. Iliopsoas e. Adductor brevis 

b. Rectus femoris f. Adductor longus 
c. Sartorius g. Adductor magnus 
d. Pectineus h. Gracilis 


Copyright O 2011 by The McGraw-Hill Companies, Inc. 539 


Worksheet 


chapter 15 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 
Worksheet 2 


Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively, and draw in the origin and insertion on the 
contralateral side of the skeleton. 


a. Semitendinosus e. Gluteus medius 
b. Semimembranosus f. Gluteus minimus 
c. Biceps femoris g. Tensor fasciae latae 


d. Gluteus maximus 
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Worksheet 


chapter 17 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 
Worksheet 1 


Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate the origin 
and insertion of each muscle with an “O” and an “I,” respectively, and draw in the origin and insertion on the 
contralateral side of the skeleton. 


a. Rectus femoris e. Biceps femoris 

b. Vastus lateralis f. Semitendinosus 

c. Vastus intermedius g. Semimembranosus 
d. Vastus medialis h. Popliteus 
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Worksheet 


chapter 17 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 


Worksheet 2 


Label and indicate with arrows the following movements of the knee joint. For each motion, complete the sen- 
tence by supplying the plane in which it occurs and the axis of rotation as well as the muscles causing the mo- 
tion. 


a. Flexion occurs in the plane about the axis and 


is accomplished by concentric contractions of the 


muscles. 
b. Extension occurs in the plane about the 
axis and is accomplished by concentric contractions of the 
muscles. 
c. Internal rotation occurs in the plane about the 
axis and is accomplished by concentric contractions of the 
muscles. 
d. External rotation occurs in the plane about the 
axis and is accomplished by concentric contractions of the 
muscles. 


A A 
LI 
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Worksheet 


chapter 19 
For in- or out-of-class assienments, or for testing, utilize this tear-out worksheet. 
Worksheet 1 


Using crayons or colored markers, draw and label on the worksheet the following muscles. Indicate 
the origin and insertion of each muscle with an “O” and an “I,” respectively, and draw in the origin 
and insertion on the anterior or posterior view as applicable. 


a. Tibialis anterior e. Peroneus tertius i. Tibialis posterior 

b. Extensor digitorum longus f. Soleus j. Flexor digitorum longus 
c. Peroneus longus s. Gastrocnemius k. Flexor hallucis longus 
d. Peroneus brevis h. Extensor hallucis longus 
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Worksheet 


chapter 19 
For in- or out-of-class assignments, or for testing, utilize this tear-out worksheet. 


Worksheet 2 


Label and indicate with arrows the following movements of the talocrural, transverse tarsal, and 
subtalar joints. For each motion, complete the sentence by supplying the plane in which it occurs 
and the axis of rotation as well as the muscles causing the motion. 


a. Dorsiflexion occurs in the plane about the 


axis and is accomplished by concentric contractions of the 


muscles. 
b. Plantar flexion occurs in the plane about the 
axis and is accomplished by concentric contractions of the 
muscles. 
c. Eversion occurs in the plane about the 
axis and is accomplished by concentric contractions of the 
muscles. 
d. Inversion occurs in the plane about the 
axis and is accomplished by concentric contractions of the 
muscles. 


N 
JI | 
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